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X.       SIM ART 

A. This quarterly summary covers research oondueted in partial ful- 
fillment of Contract N7onr4i62, Taak Order I, during the period from 16 
November 1952 through 10 February 19&3.* 

B. The more important results are summarized belowi 

!•       Chain-transfer studies of nitro compounds have been con- 
cluded with the final determination of the chain-transfer effects of bromo- 
trinitromathane.    The results obtained to date ars adequate to explain the 
irregularities in the polymerisation of nltromonomers.   A special report on 
thin subject will be issued in the near future. 

2.       A thorough study of the polymerisation of 2,2-dinitrobutyI 
acrylata has been started.    This study is important for the development of 
formulations with both nitropolymers and inorganic oxidisers. 

3*       The study of the catalytic effect of chelated-metal compounds 
on polyurethane formation has been continued.    Rate studies have revealed that 
ferric acetylacetonate is the most effective catalyst for nitropolyurethane 
formation.    It acts about 27 times faster than vanadyl acetylacetonate. 

It.       Stability studies on postnitrated polyurethanes have been 
continued-,    It has been found that a sustained washing of polyurethane I-JN 
with warm sodium bicarbonate solution at elevated temperature gives a stable 
product without degradation of the polymer chain. 

5. Previous work revealed the dependence of the molecular 
weight of nltropolyurethanes on the monomer concentration.    It has been ob- 
served that higher monomer concentrations cause formation of Insoluble polymers 
if the temperature during the polymerization Is allowed to rise too rapidly or 
"run away."    Further experiments proved that a linear relationship exists be- 
tween monomer concentration and relative viscosity. 

6. The pro I reas in polyurethane formation i» measured by de- 
termination of the solution viscosity.    It has been shown experimentally that 
there Is a close correspondence between solution viscosity and relative viscosity. 

7. The osmometrio determination of the molecular weight of 
nitropolymers is being studied with regard to possible errors in the method) 
in particular, the effect of diffusion of small polymers requires evaluation. 

8. Calculations of the specific impulses of mixtures of various 
nitropolymers with ammonium nitrate and ammonium perchlorate show that low- 
energy nitropolymcirs can be greatly improved by the incorporation of w small 
amount of oxidizer. 

Previous work on this contract was covered in Aerojet Reports No. 330* 3UJ>, 
371, 386, 3«6A, boU, Ul6, lil7, ltl7A, U2u, u57, h6l, 1*68, ti829 ii9U, W, 51$, 
5U0, 563, 590, 622, 638, and 663. 
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9e        Formulation studies involving  the polymerlaation of nltro- 
aerylates in the presence of dispersed nitropolyurethanes have been con- 
ducted,    2,2-Dinitrobutyl acriate polymerises In the presence of polyurethane 
I-J, with *hich it ia incompatible.    However, neither 2,2-dinitrobutyl acrylate 
nor methyl methacrylate gave a cured product with satisfactory properties. 

10. A formulation of polyurethane I~A with ammonium nitrate haa 
b&an prepared by molding a 1:1 mixture at l!?0oF and 7000 1b/*q tnoh.    The 
burning rate of this composite at 1000 lb pressure at 60°F was 0.12 in./sec, 
or approximately the rate determined for the starting polyurethane I-A alone. 

11. Warburg-manometer measurements and the potassium iodide 
starch-paper test are both valuable methods for the determination of the 
stability and the acceptability of nitropolymers.    However, no correlation 
between these two teats has yet been found« 

12, A new polymeriaable acrvlate, 3,3-dinitrobutyl acrylate, haa 
been prepared.    The new compound is an isomer of the previously reported 
2,2-dinltrobutyl acrylate. 

13, 3,3-Dinifcrobutyric acid,  an intermediate for the preparation 
of N-2,2-dinltropropyl acrylamide, has been prepared by two procedures! 
(a) oxidation of 3,3-dlnitrobutanol, and (b) oxidation of S,5~dinitro-2- 
pentene, 

llu     A new ieocyanate, 6-carbomethoxy-h,li-dlnitrohexyl isocyanate, 
has been prepared.    This compound was converted into the ester of h,U, 12,12- 
tetranitro-7,9-diaaa-8~keto-pentadecanadlolc acid. 

15»     The method of preparing cyclic ketal derivatives of nitro- 
diols, by means of boron trifluorlde catalysis, has been applied to a number 
of diols and extended to oarbonyl compounds other than acetone and formal- 
dehyde. 

16. Halo nitro compounds react rapidly with zinc metal to form 
« white precipitate.    This precipitate has been found to hydrolyse upon treat- 
ment with mineral acid to yield keto compounds, 

17. An intensive Investigation has been conducted to find a means 
for converting readily the available nitrosamines into the corresponding 
nitraminen.    However, no practical procedure has yet been found. 

IB.     An SPIA data slieet has boen prepared for polyurethane I-J, 
from 3,3~dinitro-l,£-pentane diiaocyanate and 2~nitro-2-methyl-lf3-propanedlol. 

19.     A new contract was recently Initiated to conduct rheolopical 
and ballistic studies on nitropolymers.    Up to the present time the major 
effort on this contract has been concerned with the setup and calibration of 
new, highly refined equipment for rheoloflcal evaluation.    Accordingly, no 
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report will ba made on the work ft this time*    A noraplete report on work oon- 
duotsd under Contract NOas 3>>-6l8-owlll be presented in tha next quarterly 
summary. 

II.    TI3CHNICAL I-ROQRESSi    NITR0P0LYMKR8 

A8        VINU POLYli 1H1ZA.TI0N 

It       Chain-Transfer of Nitro Compounds 

a. Introduction 

(1) It waa previously observed that tetranttromethan© 
acted as an inhibitor in the polymerization of methyl methacrylate while 
nitroforro behaved an a retardar, allowing polymerization to proceed at a re- 
duced rate with no induction period being observed. The question arose as 
to the difference between the reactions of the two nitro compounds. With 
tetranitromethane the most likely possibility Eeemed loss of a nitro group with 
a trinitromethyl radical stabilised by resonance, e.g., 

f 2 
C(N02)li + R« >RN02 • 02N-C» 

N02 

With nltroform it seemed likely that again the radical which would be produced 
would be the one most stabilized by resonance, e.g., 

fa 
CH(NO?)., + R» -—-*RH + 02N~C« 

N02 

Inasmuch as the same radical would be produced in both cat.es it waa difficult 
to explain the ohnwrvwd differences during polymerization. 

(2) In an effort to obtain more information regarding 
the transfer reaction, bromotrinitromethane was usod as a solvent in the poly- 
merization of methyl methacrylate.    With thia nitro compound one would expect 
scission of the weakest bond, i.e., the carbon-bromine bond. 

b. Discussion 

(1)      When bromotrinitromethane was added to methyl 
methacrylate It was found to transfer quite readily.    However, It did not 
inhibit polymerization.    It behaved In a manner very similar to nltroform, 
except that it transferred more readily.    Another similarity to nitroform was 
found upon plottlnf the oolvont-to-monomer ratio again&t the reciprocal of the 
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degree of polymerisation. As with nitrofomi» * curve which implied * lower 
chain-transfer constant at a higher concentration was obtained. As yet the 
phenomenon is unexplained* The date are presented in Table I* 

TABtS X 

POLYMERISATION OF MSTH1EL U .T.-iACK^UT'5; IN TOi P SSENCI 

,    OF HRUMOTRINITROMETHANE 

So lvsnt/ftonomer t Conversion 

2.92 

w 
7500 

10 n 

1.33 x 10"1* 

CT 

0 3.15   

l.U x 10"3 3,05 0.U6U 680 l.u7 x 10""3 1.2 
2.U8 x 10~3 3.01 0.27b 350 2.86 x 10"3 1.1 
U.96 x 10"J 3.33 0.205 2UU U.10 x Kf3 0.80 

Average     1.0 

(2)      The conversion vs time curvea and l/Pn vs S/M 
curve are shown in Figuren 1  and ?. 

2.        2,2-Dinitrobutyl Acrylate 

a.       Introduction 

(1) Based on the results of the chain-transfer 
atudy of nitro compounds, the trinitromethyl group is unsultsble as a high- 
anergy grouping in a vinyl monomer.    The high chain-transfer of this group 
leads to polymers with low molecular weights, which are brittle when molded 
and tend to be thermally unstable.    Such materials; even though they possess 
high apecifio impulses, are unsuitable as propellents when used alone.   The 
specifications which would be set up for a ussful propellent could not be 
met by these Xcw-moleeular-weight polymers. 

(2) It should be pointed out that b«havior of the tri- 
nitromethyl group in a monomer Is a blow to the synthetic work of the program. 
Thus, esters of irlnltroethanol are ruled out,  and the chemistry of nitroform 
and its reaction products is no longer rf value in making high-energy vinyl 
monomers.    New reactions must be developed and new nitro groupings must be 
synthesiaed in order to offset the loss of the nitroform reactions* 

(3) One obvious means of obtaining polymers of 
higher molecular weight is to use a monomer containing nitro groups which 
chain-transfer lass readily.   At the present time, the only monomer available 
In sufficient quantity few the study of its polymerisation characteristics is 
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Tim*, h» 

Figure 1 

Rate of Polymerization of Methyl Methacrylntei 
in  the. Prernnco of Bromonitroform 

(•)/(«) • w> 

Figure 2 

Plot of l/Fn ve (fi)/(M) for Methyl tfethacrylate 
with Bromonitreform 
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dinitrobutyl acryiate.    It la known to polymeriee readily, giving a polymer 
with a molecular weight of approximately 100,000.   Although poly-2,2-dinltro- 
butyl acryiate is too low in specific impulse to he uned as a monopropellant 
it may be of value an a fuel component in composite propellents or aa a coating 
material in the desenBitlzation of RDX,   Ourrently, it ia being used in formu- 
lation work an a fuel, with high-energy condensation polymers aa the oxidlzer 
component. 

(h)      Inasmuch an 2,2-dinitrobutyl acryiate promisee 
to be a uaeful monomer it la desirable to obtain quantitative information re- 
garding its polymerization.    Hence a study was Initiated to determine the varia- 
tion of rate and molecular weight with catalyst concentration and to obtain the 
overall activation energy of polymerisation.    It was previously reported that 
2,2-dlnltrobutvl acryiate produced an insoluble polymor upon polymerisation."' 
It was also observed that certain impurities inhibited polymerization.   An in- 
tensive investigation was carried out to characterise* pure 2,2-dinitrobutyl 
acryiate and'to develop a suitable process for producing it.*1"*   Thus, only 
reoently has pure 2,2-dinitrobutyl acryiate been available in sufficient quan- 
tity for study, 

b,       Discusfiion 

The polymerization of 2,2-dinitrobutyl acryiate ia 
being atudied uainf aio-bis-isobutyronitrile as oatalyst.   Thus far, bulk poly- 
merizations have been carried out with the results shown in Table IT.    The re- 
sults are not consistent, but it is expected that further work will clarify the 
discrepancy. 

;    TABLE II 

VARIATION OF PATS OF POLARIZATION OF 2,2-DINTTROBIim ACRYIATE 

WITH CONCEffPRATTON OF AZO-bij-ISOBlIT>RONITRILE 

_. Catalyst 
Ooneantratlon Rate 
(mole/liter) (mole/llter/sec) 

0.0097b 3.9 x l<f * 
0.01B2 6.1 x 10"* 

0.0272 6,5 x 10'5 

o.   Experimental 

(1)  The catalyst ia weighed into a volumetric flask, 
and monomer is added at 2060 to the mark on the flask. After mixing, *S»-ml 
"•» ' •""""         -•  "•   '  

Aerojet Report No. 590. 

Aerojet Report No* 622. 
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aliquota are placed in 18 s l$G-mm Pyrex test tubes which have been cleaned In 
claiming, solution and thorout hly washed.    The tubes are purged with nitrogen 
and stoppered with rubber stoppers encased in polythene film*    The samples are 
placed in a Uf> C water bath and removed after various time intervals.    Upon 
removal, the sample is cooled in dry ice and the polymer Is precipitated by 
pouring the sample into ca. 100 ml of methanol. 

(2)      it has been observed that the polymer retains 
some monomer which is difficult to removej the following procedure has been 
found to give satisfactory results!    The polymer obtained from the initial 
precipitation is dissolved in acetone (5 ml for every 1 g of polymer), and 
the polymer is precipitated by pouring the solution into methanol cooled with 
dry ice.    The polymer la then transferred to fresh methanol at room teinpera- 
ture.    The dissolved carbon dioxide expands the polymer to a very porous 
material.    It is removed from the methanol and dried over P20r; by pumping off 
excess solvent at 1 mm for several hours.    The material is obtained as a 
porous, somewhat brittle mass* 

d. In order to determine suitable conditions for the 
polymerization of 2,2-dinitrobutyl acrylate in the presence of nitro con- 
densation polymers, exploratory experiments were conducted using various 
catalysts and promoters in the presence of stabilisers such as those used with 
nitrocellulose• 

e. Table III gives the percent of yield and relative 
viscosity for various catalyst, promoter, and stabilizer combinations.    It 
appears that the addition of both stabilisers is beneficial, with respect to 
both yield and molecular weight.    The polymerizations were conducted at lt5°C 
under a nitrogen atmosphere. 

TABLE III 

POLTITIRIZATION OF 2,2-DINITROBJT'X ACR LA'• I.ITII VARIOUS 
CATALYSTS AND STABILIZERS 

Catalyst      Promoter Stabilizer Yield,  %    Mr (1% in Acetone) 

lA'X MAKP*            —                        — 89 2.U5 
i/\\% Bz2Q2

b 0.1'", DM0               — 78 1.72 
1/14 B»202

b 0.1* DI1A° l/U'jg hNAd 82 2.08 
l/l*'* Bz202

b 0.1,' DMA0 1/UjJ • l/i»;« Sn° 91 2.5U 

•fiAKP is methyl amyl ketone peroxide. 

Bfc202 is benzoyl peroxide. 
( DMA is dimethyl aniline. 

H/INA is N-methyl p~nitroaniline. 

°Sn is dibutyl tin dilaurata* 
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f.       Experimental 

The procedure for polymeriaint  the aamples of DNBA with 
various catalysts, accelerators, and stabilizers is that described in Aerojet 
Report No. 663, p. 57 • 

B.        ADDITION AND CONDENSATION POLYMERS 

1*       Polyurethanea 

a.       Chelated-Metal Compounds aa Catalysta for Polyurethane 
Formation 

(I)      Previous experiments have shown that vanadyl 
acetylacetonate and chromium acetylacetonate are superior to boron trifluoride 
aa catalysta for nltropolyurethane formation.*   Ferric acetylacetonate** has 
now benn studied in conjunction with the polyurethane I-J system.    Table IV 
lists the observed rate constants for the reaction of 3>3"dinitro-l,5-pentane 
diiaocyanate with 2-nitro-2"mothyl-l,3-propanediol, using various catalysts* 

TABUS IV 

RATS CONSTANTS FOR CATALY^D POLYUHiTJIAWS I-J 

Monomer Catalyst 
Concentrations    Concentration   v u*.,/....*..   u« 

Catalyst Equlv.Alter       mole/liter       KS0°' l"»r/«qplv. ** 

Ferric 
acotylaoetonata 0.9U0 1 x 10"-* 3.6 

Ferric 
aoetylacotonate 0.9hO 1 x I0-i4 26 

Vanadyl . , 
acetylacetonate 0.910 1 x 10 u 9.7 x 10 x 

Nona 2.37 — 2.3 x 10-3 

Aerojet Report No. 590, p. 27. 

(2)      The ferric acotvlacetonate is by far the most 
effective catalyst far nitroi olyurethane formation.    In addition to prepara- 
tions of polyurethnne I-J, ferric acetylacetonate hva proved effective an 
catalyst In the polyurethane I-A ami I-H systems. 

It 
Aerojet Report No. 663, p. 13. 

Ibid., p. 79. 
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(3)  Experimental 

The monomers in equivalence were diaHolvad in an- 
hydrous diorswi. Tha appropriate amount of catalyst was added to the monomnr 
solution at aero time and samples were periodically removed for (-NCO) analysis 
by tha Btandard procedure.* Table* V and VI list the observed data, which arm 
shown graphically in Figures 3, u. and 5« 

TABLE; v 
mHIU-ACKTYLACETONATE-GATALYZED POLYURKTllANE I-Jj 

RATE IN DIOXAN SOLUTION AT 50°C 

(Original concentration 0.9UO equiv./liter (-NG0)  arid (-0H)| 
ferrio acetylacetonate concentration 1Q"*5 mole/liter) 

Elapsed Tlne^ hr       Observed DP 

0.?5 1*87 
0.75 3.70 
X.2S 5.20 
1.75 7.25 
3.00 11.0 
u.oo ill. 5 

—Z*SQ   1810  
K50° " rJOT ' 3'62 iiWequiv. hr 

(Original concentration G.9U0 equiv./liter (~NC0)  and (-OH)j 
ferric aoetylaoetonate concentration 10"** mole/liter) 

Elapsed Time, hr       Observed DP 

0.25 20 
0.75 29 
1.25 35 
1.75 5u 
3.00 63 
14.00 9S4 

. &m -jyi-. 
K5o° • §wv" 26,l> ^Waquiv. ^ 

TABLE VT 

VANADYL-AOETYUOXTONATE-aATALYZKD POLYIFHKTHAM I-J| 
RATE IN DIOXAN SOLUTION AT 50°0 

(Original, concentration 0.910 equiv./liter (-NCO)  and (-OH)j 
vanndyl aoetylacatonate concentration 10"*'* mole/liter) 

Elapsed Time, hr       Obnerved DP 

0.5 l.h3 
1.0 2.06 
1.5 2.1i0 

.2*0. 
z.uo 

K5o° " 0T9T " 0,9? litBr/equiv. to 

«"•' '     1 in 1  111        1 n 

Aerojet Report No. 638, p. 25. 
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Figure 5 

b.   Stability Studies 

(1) Introduction 

In continuation of tho stability studies on post- 
nitrated polyurethanes, work during tliiB period lias been focused on homoponeous 
washing of solutions of polyurothane I-AN with urea.    Whoreas natiefactory ther- 
mal stabilities havo been obtained,   : evere degradation was noted, a.t in provious 
work.    Thus, using tho technique of homogeneous washing» the problem of thermal 
stability has boon nolvedj  but another problem, that of polymor degradation, has 
been introduced.    In view of other stability   studies, lining a warm Hodlum bi- 
carbonate wanh to remove nitric  acid, the entire approach of homogeneous washing 
11! bning abandoned.    A vacuum steam distillation of unstable I-AN was also at- 
tempted?  but under the conditions used, etabla polymor wan not obtained, 

(2) Urea Stabilization of Polyurothane I-AN in 
Dioxan Solution 

(a)      Experimental 

Twenty-five ml of absolute dioxan waQ added 

to 1 g of polyurothane I-AN (JKK-117-c,  ^ „   " 1*>13» BtBb^^Q - 1 min).    One ml 

of a saturated mothanol .solution of urea was added to this aolution,  and uroa 
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immediately crystallised from the dioxan solution.    After the urea was filtered 
off, the solution wan poured into water in a blondor, preolpitating the polymer. 
The polymer wan water-washed and vacuum driod.    In order to increase the activity 
of urea in the dioxan solution of polymer, the above reaction wan repeated, main- 
taining the temperature of the dioxan solution for 10 min at l40°C,    Relative vis- 
cosities wore detenninud in acotone solution at 1.000 g/100 ml at 2$°C,  and ther- 
mal it abilities were determined on 1.3-p: samples at 6£. $°G, to starch-iodide 
coloration.    The resuite are presented in Table VII, 

UREA WASHING OP POLYURETHANE I-AN IN DIOXAN SOLUTION 

Run Conditions Stftb6g.g° 

1 Urea-MeOH added at room 5-min, heavy 1.10 
tempj  ppt.  immediately failure 

2 Urea-MeOH ndded at l4Q°Cj Trace in 10 minj 1.07 
ppt, after 10 min at )40°C no .further colora- 

tion in 2 hr 

(b)      Conclusions 

Urea appears to be combining with nitric meld. 
The low solubility of urea in dioxan prevents quantitative removal of aoid from 
the system.    Degradation is significant, particularly at the higher temperature. 

(3)      Urea Stabilization of Polyurethane I-AN In 
Dimethylformamide Solution 

(a)      Experimental 

Six f! of polyurethane I-AN (JRTS-122, *? ?* " 1.60, 

•Wb65.5° "3 min) was added to 100 ml of technical  d1metliylformamidec  and after bning 
dissolved thft solution was divided into two portions.    Five ml of water wan added to 
one portion,  and after 10 min, the polymer was precipitated in water, washed,  and 
vacuum dried.    Ten ml of a saturated methanol solution of urea was added to the other 
portion and after 10 min, the polymur waa precipitated in water, washed,  anil vacuum 
dried.    Relative viscosities and thermal stabilities ware determined under standard 
eonditiona.    The results are presented in Table VIII, 

Page 12 

CONFIDENTIAL 



CONFIDENTIAL 

II Technical Progress, B (cont.) Report No. 686 

TABU;: VIII 

UTIEA MSHXNC* OF POLYURSTHANE I-AN IN DILHTIIYLFOK'JUIIDE SOLUTION 

Run Conditions atab6g.g° ^JL 

1 l-AN diM. in DMPj      Trace in § mini 1.19 
H20 added no further in 3 hr 

2 I-AN dies, in DMFj      No failure in 3 hr 1.11 
urea-MeOK added 

(b)  Conclusiona 

Here again urea haa effected high stability 
( \T m   L'^° drops to ^y " 1,11).    It must be concluded that solutions of 
polyurethane I-AN are extremely sensitive to bases (urea Kg * 1,5 x 10~lh),  and 
any stabilization procedure which obviates a solution reaction is to be de- 
sireds 

(h)      Vacuum Steam Distillation of Unstable Polyurethane 
I-AN 

(a) Introduction 

In an attempt to remove occluded nitric 
acid from a freshly precipitated sample of polyurethane I-AN, a vacuum steam 
distillation of the unstable polymer was attempted, in the hope of either 
leaching out the acid or distilling it from the system. Under the conditions 
used, no stability was effected} however, there was an indication that more 
severe conditions might be effective. 

(b) Experimental 

A 3-liter steam-distillation flask was 

charged with IjD g of polyurethane I-AN (JKE-117, *?  * • 1.17, itab^* J&- 3 min) 

and about 1 liter distilled water, and the system was vacuum steam distilled for 
1.5 hr at 20°C.    Four hundred ml of distillate was collected.    One-half the 
charge wap removed, and the remainder was further distilled for 30 min at Uo°Cj 
250 ml of distillate was collected.    Measurements of pH, using a Beckman pH 
metor, were made on the several distillate and pot fractions.    The polymers 
were washed and vacuum dried.    Relative-viscosity determinations were made in 
acetone solution at 1.000 g/100 ml at 25°C, and thermal stabilities were de- 
termined on 1.3-g samples at 65.5°C, to starch-iodide coloration.    The results 
are shown in Table IX. 
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TABLE IX 

VACUUM STKAH DISTILLATION OF UNSTABLE POLTURSTHANB I-AN 

pH pH Polymer Stab, 
Run     Steam Dlst. Conditions     Distillate Slurry 6$.^° 

1 Controlj no steam dlat. — $*0 3 ttin 

2 1.5 hr at 20°C 5.0 U.O 2 min 

3 1*5 hr at 20°C 
0,5 hr at HiQ°C 5.0 2.3 1 min 1.13 

(o)  Conclusions 

Under the conditions of vacuum steam-dls- 
tillation used, nitric acid was not complotcly removed.    At the higher tempera- 
ture, the rate of removal of acid appears to be faster.    Nitric acide under 
thsoe conditions, is not distilled from the reaction flask.    A small amount of 
degradation appears to have taken place during the steam distillation. 

(5)      Stabilization of Folyurethane I-JN Using a 
Warm Sodium Bicarbonate Wash 

(a)     Attempts were made to remove the nitric 
acid with dilute sodium bicarbonate solution.    Polyurethano I-J (JRF-191-A, 
^r " 2.52, 1% In acetone) was treated with distilled 100^ nitric acid for 
20 rain at 0°C, then precipitated by pouring Into ice and water in a Waring 
Blendor.   One portion (JRF-193-A-1) was agitated in the Blendor for 15 min 
at 25°C with dilute sodium bicarbonatoj the other portion (JRF-193-B-1) was 
agitated in the Blendor 15 min at 50°C.    Both were then washed thoroughly with 
water and dried. 

(JRF-193-^A-l)  25°C, It-Wgo " 3 Mm   Vjp - 2.U1, 2* in acetone 

(JRF-193-B-1) 50°C, •t.abgg £0 - 20 minj    vjy - 2.53, 2% In acetone 

A larger amount (25 g) of polyurethane I-J (JRF-191-B-2,  **?    - 5.UU, 2% in 
acetone), was treated with distilled 100# nitric acid at 0°C.    The material 
dissolved rlowly, requiring one hour for complete solution.    After precipita- 
tion into ioe and water, the polymer was stirred with dilute sodium bicar- 
bonate for 10 min at 50°C, then water-washed and driad.    For JRF-193, 
\r - 1.57, 2% in acetonej  stab^rfcjOQ • 20 rain. Preparation JRF-193 was again 
treated with dilute sodium bicarbonate.    The results are listed in Table X. 
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TABLE X 

STABILIZATION OF PQLTURETHANE I-JN USING A WiRu SODIUM BICARBONATE WASH 

Identification 

(JRF-193-A) 

(JRF-193-B) 

(JRF-193-C) 

ggogs Treatment 
Timo 

15 »i* 

1 hr 

2 hr 

Temperature 

65°C 

§0-65°G 

$o-6$*c 

Kl-Stareh 
Stability. 6g.S*Q 

Ub' mln 

80 raia 

>U hr 

Y?* 
'r 

1.69 

1.71 

1.62 

2%  In acetone* 

(b)  Gonclusloni 

Thorough trashing with dilute sodium bi- 
carbonate solution at $0 to 65nC effectively removes the nitric acid, as 
evidenced by the increased thermal stability.    A small amount of degradation 
occurs during the washing.    Kcwsver, it appears that extensive degradation 
occurs during the nitration.    This will be" Investigated further. 

e.       Further Work on Polyurethanes Previously Described 

(1) Introduction 

The ehelated-metal catalysts have mode possible 
the preparation of high-«ol©oulaap-weight polyurethanes having desirable physical 
properties.*   Since these catalysts behave differently from the boron tri- 
nno ride previously used, optlaus reaction conditions must again be determined 
for each of the polyurethanes previously described.    Other objectives inolude 
elucidation of the catalyst mechanism, reproducibility of product, and the cause 
of product insolubility observed In some preparations.    The more important 
variables are concentration of monomers and catalyst, solvent, time, tempera- 
ture, order of mixing the reactants, monomer ratio, and the procedure used for 
working up the product. 

(2) Polyurethane I-Ji    3,>Dlnitro-l,5-pontane 
Diisooyanate and 2-Nitre-2-«ethyl-l,3-propanediol 

(a)      Previous work has shown that monomer' con- 
centration markedly effects the molecular weight of the product.** In the 
polyurethane I-J system, most of the preparations have been carried out at 
a concentration of one mole of each monomer per liter of dioxan solution. 

Aerojet Report No. 663, p. 29. 

"ibid., p. 31. 
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This corresponds to 3U»2 nt%  solids. At this concentration the solution can 
be stirr«d and the solution viaooslty oan be measured While the polymerisation 
if in progress. 3nall runs were made at higher concentrations* both at monomer 
equivalence and with the diisocyanate in excess by one percent. The technique 
employed can be used only for small preparations, in which the heat of reaction 
can be reed11y removed. The required amount of dioxan containing the dissolved 
catalyst wan added to the monnmurs In a lPJv-m! glees-atoppnred F,rlenmeyer flask. 
The diisocyanate dissolved rapidly, followed more slowly by the diol. After 
several minutes the heat of reaction resulted in a rapid temperature rise and a 
rapid dissolution of the remaining diol. The solution slinultaRaeusly became 
too thick to stir* Table XI summarizes the results. 

(b) The cause of insolubility in the more con- 
centrated solutions is not definitely known. It may be due to reaction of 
(-NCO) with urethare linkages under the influence of high temperature and the 
very active ferric acatylaoetonate catalyst, inasmuch as the diisocyanate was 
in excess until the diol had completely dissolved. The work was repeated with 
the same monomers, adding the diisocyanate portionwiso to the diol solution 
containing catalyst, and keeping the temperature in the range from 30 to Uo°C 
during the addition. Table XII summarises the results. In all cases the 
product was completely soluble in dioxan. 

(c) Conclusions 

Higher monomer concentrations are de- 
sirable, but the temperature must be carefully controlled during the Initial 
mixing of the monomers to prevent the formation of insoluble product. 

(d) Another variable is the procedure used 
for working up the product. If an equilibrium between low- and high-molecular- 
waight product exists, it may be unfavorably shifted when the viscous solution 
is diluted before precipitating the jolymer, especially in the pretence of 
very active catalysts. Table XIII lists variations in the work-up procedure 
and their effect on the relative viscosity of the finished polymer. It is 
concluded that dilution with dioxan at room temperature, followed by precipi- 
tation, does not adversely affect the relative viscosity of the product. At 
higher temperatures, the relative viscosity of the product slowly decreases. 
Treatment with dilute HOI solution effectively removes the ferric acetylacetonate 
catalyst but causes some degradation. 
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TABLE XIII 

VARIATIONS IN WORK-UP UF POLIURETHANB I-J 

No, Work-Up Procedure >?f (1* in Acetone) 
i jiiiiiwiimiiiii——;«       !• i    i i awg—a—  awaa numi..   •  a—— — __J imn» aw—a r—n- was—   i      i ••     ,  M,..   .. L,    n»i.        -,   m. .„.. -n,, 

JRF-195-C   Diluted at 2U°C with dioxan and precipitated 1.87 
within 1$ mln 

JRF-195-B    3ki Solution oracipitated without diluting 1,86 
JRF-195-E    Diluted with dioxan and let stand $ days at 2$°0 1,88 

before precipitatir g 
JRF-195-F   Diluted with dioxan containing a mall amount of 1.89 

bromine, let etand $ days at 2$ G before 
precipitating 

JRF-195-0.   Diluted with dioxan plus several drops of water* 1.89 
let at and 5 days at 2!>qC before precipitating 

JRP-19S-J   Diluted with dioxan plua aeveral dropa of 2N HC1, 1.8U 
and precipitated within 15 minj pure white 
polymer 

JRF-197-B   Diluted with dioxan and ferric acetylacetonatej 1.52 
held at 50°C for 200 hr before precipitating 

JRF-197-C   Diluted with dioxan and 10 equiv. % 3,3-dinitro- 1.33 
l#5-pentane diisocyanate; held at $0°C for 200 
hr before precipitating 

JRF-197-D   Diluted with dioxan and 10 equiv. % 2-nitro- 1.U8 
2-methyl-li3-propanediolj held at 50°C for 200 
hr before precipitating 

JRF-197-R   Control for 197 serienj held at $0°C 200 hr, then 1.61 
diluted and precipitated 

(3)      Polyurethane I-Ai    3*3-Dlnitro-I,5-pentane 
Diisocyanate and 2,2-Dinitro-l,3-propanediol 

(a)      Uflin^ the new chelatod-metcl catalysts in 
the I~A system,, reaction times have been materially reduced,  and molecular 
weights have been consistently high (with dllsocyanate adjustment).    Of the 
throe metal catalysts recently obtained, the iron salt waa selected for study, 
based on the results of previously described work in which the high activity 
of the iron catalyst was demonstrated.*   With the purpose of preparing large 
quantities of etsbla, postnitrated polyurothanes for the formulation program, 
recent preparations of polyurethane I-A have been moderately large.    In each 
case an attempt has been made, by changing the appropriate variables, to de- 
termine the optimum preparative conditions for this system.    Thene data have 
been summarized in Table XIV. 

Aerojet Report No„ 663, p. 22. 
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(b)      Experimental 

Mont experimental oonditlona are given in 
Table XIV,    In all oases the reaction solvent was absolute dioxan, and the 
reactions were followed by periodic measurements of eolation viscosity,  and 
were terminated when the viscosity vs Lime curve leveled off.    The work-up 
procaduro wao tho samo In each eaaet    The viscous polymer solutions were 
diluted with dioxan to about 10 mt%, filtered,  and precipitated dropwiao into 
ioe-water in a Waring Blendor, followed by further Blendor washing in ice- 
water,  and laet, vacuum drying.    The extrerao difficulty in completely re- 
moving the solvent from these hl^h-molecular-welght poTyurethanea is shown 
by the yields,  some of which are greater than 100$, 

(c)      A study of the effect of monomer concentra- 
tion on molecular weight in the I-A system was made.    In other polyurethane 
systems, I-H and 1-0, a dependence of molecular weight on monomer concentration 
has been noted.*   Using the ferric acotylaoetonate catalyst in the I-A system, 
it was of importance to determine the effect of monomer concentration.    Ac- 
cordingly, five polymor runs were made, in which the concentration was variod 
from 1 wt# to 80 wfc;C.    A linear relationship wan found between monomer con- 
centration and relative viscosity (see Figure 6). 
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Figure 6 

Polyurethane I-A 
Effect of Monomer Concentration on Molecular Weight 

See Aerojet Report No. 638, pp. 27, 35. 
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(d)      Experimental 

The diel was weighed into a glass-stoppered, 
125-ml Erlenmeyer flask, followed by the calculated amount- of diiseoyanate to 
give 1% Rxoeas dilBOcyanate,  and sufficient absolute dloxan to give the desired 
weight percent of monomers.    The total weight of monomers was about 10 grams. 
/uUn complete dlaaulutlon of monomers, ferric acetylaeetonata was added in an 
amount giving 0.0552 of dilsoeyanate equivalents present.    In the 60 and 80 wt56 
riinf;, 30 to 60 seconds after adding the catalyst, the reaction solutions were 
boilinp inside the atoppered flasks*    The UO wt,< run warmed to about 60°C, and 
the 30 wt6 run, to about U5°C.    The 1 wt?S run showed no perceptible temperature 
rise.   After the initial heat of polymerization had been spent, the reaction 
flaeka were placed in a 5o°C bath, where they remained for 1U5 hours.    The poly- 
mers sere worked up by diluting in dioxan, filtering, precipitation into water, 
water-washing in a Blender, and vacuum drying.    Relative viscosities were de- 
termined at 2% in acetone.    The results are presented in Table XV. 

TABLE XV 

EFFECT OF MONOMER CONCENTRATION ON MOLECULAR WEIGHT IN I-A SYSTEM 

Monomer Cone Physical State of Reaction Relative 
Run No. Wt!< Soln.  at Completion Viscosity 

JKK-12V 80 Hard solid;  small amt. of 3.08 
insol. gel after dissolving 
in dloxan 

JKE-128 60 Semi-solid 2.hO 

JKE-129 ho Extremely viscous liquid 2.11 

JKE-130 20 Viscous liquid 1.61 

jra-131 1 Liquid 1.06 

(e)      A study of the effect of catalyst concen- 
tration on molecular weight in the I-A system was made.    In using ferric aoetyl- 
acatonata as a catalyat for polyurethane formation in the I-A system, only 
catalytic amounts have been necasHary to give a vary fast rate to a high DP.    It 
was deairod to establish a more quantitative relation between catalyst concentra- 
tion anu molecular weight as measured by relative viscosity.    Three polyraeriaa- 
tion runs in which the catalyst concentration was varied from 0.01 to 1% showed 
that the lower concentrations of catalyst led to significantly higher molecular 
weights*    Data are given in Table XVIB 
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Run No. 
# Get. Cone 

JKE-133 0.01* 

JKE-13U 0.1OSC 

JKE-135 1.00* 
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TABLE XVI 

EFFECT OF CATALYST CONCENTRATION ON MOLECULAR MSIOHT IN I^A SYSTEM 

Time to Maximum 
Initial Temp    Rel. Viscosity 

5 min 2,3U 

2 min 2.01 

20 sec 1.U2 

Qiolee catalyst per equivalent diisocyanate) x 10 . 

(f) Experimental 

The diol was weighed into a glass-stoppered, 
12.5-ml Erlenmeyer flask,  followed by the calculated amount of diisocyanate to 
give 1% excess diisocyanate, and sufficient absolute dioxen to give SO vt% 
solutions.    The total weight of monomers was about 10 g.    The calculated amount 
of ferric acetylacetonate was added to give the desired catalyst concentration. 
In each of the three runs the reaction temnernture rose to 60 to 70°C within 
minutes after adding the catalyst, and then cooled slowly.    The reaction flasks 
were placed in a 505C bath for 210 houraB   "Preoipitation of the polymer was 
effected in ice water in a Waring Blendor, followed by vacuum drying.    Relative 
viscosities were determined at 2% in acetone* 

(g) In continuation of the study of the im- 
portant variables in the I-A system, the order of addition of monomers has been 
investigated.    It was found that significantly highar molecular weights were 
obtained when the diol wan added tc the diisocyanate, than when the order of 
addition wan reversed.    Two hypotheses are tenablei    (l)  conditions for 
iriocyanate-urethane croon-Unking are ideal when diol is added to dilsoeyanatej 
and (2) during the addition of the diol, the diisocyanate, being in the presence 
of catalyst, can self-polymorize.    Either effect (ives rise to a higher vis- 
cosity.    Further work will determine which of the two theories bert explains 
the facts. 

(h)  Experimental« Diisocyanate Added to Diol 

A solution of the diisocyanate in absolute 
dloxan was added dropvdee to a dioxan solution of an equivalent amount of diol 
over a period of 1 hour. The total monomer weight was °U g, and the ultimate 
monomer concentration was $0 wt#. Ferric acetylacetonate was added to the diol 
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t 

prior to diisoeyanate addition, L.ivinfc a concentration of 0.0?)C (5 x 10"a mole 
catalyst por equivalent diol).   At the completion of the addition of diiao- 
cyanate, the reaction temperature was about 6o°G.   The reaction veaael was 
placed in a *>Q°G bath, and the polymerisation was followed h" measurements of 
the solution viscosity.    The equivalence of monomers wus subsequently adjusted 
by the addition, in three portions, of a total of 1.3$% by weight excess 
diisoeyanate.   The reaction waa terminated In 195 hours, when the viscosity vs 
lime curve showed no tendency to rise furthor.    The polymer solution wsa worked 
up by diluting with dioxan, filtering, precipitation in water, and vacuum drying* 
The relative viscosity of a 2% solution in acetone was 2,09. 

(1)      Diol Added to Diiaocyanate 

The above-described experiment was dupli- 
cated, usinc the same monomers, with the following exceptions?    The diol was 
added portionwise to the diisoeyanate, the total monomer weight was 151 g, and 
the required 1,35$ exceaa diiaocyanate was added at the be ;innlno   Within 20 
hours at 50°C, the solution viscosity had reached a constant value which waa 
far below the final value in the first experiment, indicating that iaocyanate 
had been consumed in some side reaction.    The addition of another 1% diisoeyanate 
to the reaction Bolution immediately caueed a rapid rise in the? viscosity vs 
time curve.   When this curve leveled off after a total reaction time of u08 
hours, the reaction was terminated, and the   olyraer was worked up as described 
above.    The relative viscosity of a 2% solution in acetone waa 2.57. 

(j)      Recently, some doubt has arisen with respect 
to accuracy and sensitivity of the solution viscosity va time curves normally 
uRori to follow polymerisation reactions.    In the experiment described below a 
typical polyurethane I-A run waa made,  and the reaction waa followed by de- 
terminations of solution viscosity and also of relative viscosity (determined 
on samples precipitated at appropriate intervals),   k close correspondence be- 
tween the two viscosity vs tine curves (see Figure ?) establishes the validity 
of the solution-viscosity measurements.    In addition, the arbitrary units used 
in the solution-viscosity measurements have beon referred to an absolute system. 

(k)      Experimental (JKE-12U) 

To 0.228 mole of diol in U) ml of absolute 
dioxan In a $00-ml resin flaak waa added dropwiae 0.228 mole of diisoeyanate in 
$0 ml of absolute dioxan.    The ultimate monomer concentration was $0 wt$.    At 
the outset, 0.228 millljnole of ferric acetylacetonate was prewent with the diol. 
The heat of polymerization accumulated rapidly, and the rate of addition of 
diisoeyanate was so adjuated that the reaction temperature never rose above 
60°C.    One hour waa requlrod for the addition of all of the diisoeyanate solu- 
tion.    The reaction vesael was placed in a 50°C bath immediately after the 
diisoeyanate addition.   The rolution viscosity was measured by determining the 
offlux time of the solution between two marks in 6-mm Pyrex tubing 1 cm apart, 
the lower one being 1 cm above the surface of the solution, and the end of the 
tubing being 1 cm below the surface.   At appropriate intervals, small sample a 
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were removed» diluted with dloxan, precipitated in water, washed, and veouum- 
drlad.    The relative viscosities of these samples were determined in a modified 
Oetwald vieooeimeter in acetone at 2*>°Ct at » concentration of 2.000 g/lOO ml. 
At three points during the reaction additional diisocyanate was added (as 
indicated in Figure 7) by vigorously stirring the monomer crystals into the 
reaction solution.    The reaction was terminated after 195 hr, and the work-up 
was identical to that for the small portions. 

TN 

1 
100 

"2 

100 

I I 

(U) 

K.iiiMiin TlM   Omui-a) 

Figure 7 

Preparation of Polyurethane I-Hi    3»3-Dinitro- 
l#5-pentane Diisocyanate nnd 5»5»5-Trinitro- 
1,2-pentnnediol 

(a) Introduction 

The marked success that hen been achieved 
in obtaining high molecular weights in the I-A and I-J systems, using the iron 
catalyst, had led to a program of reappraisal of many old polymer systems,  for 
which only low molecular weights had been obtained when boron trifluoride 
etherate wan used as catalyst. 

(b)      Experimental 

To 119.^0 g diel in a JtoO-ml resin flask 
was added 171 ml absolute dioxan and 29.09 g (23$  of dilsocyanate.    Iron 
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Catalyst was introduced by the addition of 10 ml   of R dioxnn solution containing 
177 tag of catalyst (Q.^).    Immediate warming of the reaction solution wan ob- 
served,  and within ID minutes the temperature wan at $0°C.    The remaining dilso- 
cyanato, 9^.0,5 g {17%), was dissolved in $0 ml dioxan in a dropping funnel, and 
added dropwise to the diol solution at a rate which maintained the temperature 
between h£ and 55°C.    The ultimate monomer concentration was SO nt%.    After all 
the diisocyanate was added, the reaction flank wau placed in a 50°C bath,  and the 
polymoriaation was followed to completion in 258 hours by solution-viscosity 
measurements.    The viscous polymer maun was diluted with dioxan, filtered, pre- 
cipitated in water, and vacuum dried.    A fibrous, tan-colored polymer was ob- 
tained in 99% yield.    The relative viscosity was 2.0« (2?I in acetone)  and the thermal 
stability waa 10 min (stai'ch-iodide at 6S.5°C), 

III.    TECHNICAL PROQRESSi    PHYSICAL STUDIES 

A.        MOLECULAR WEIGHT DETERMINED BY 0SL10METR.Y 

1.        General 

With the use of iron acotylticetonate catalysts for the polyure- 
thane condensation, polymers of relatively high molecular weight are being obtained. 
These higher polymers require measurement of molecular weight by the osmomotrlc 
technique, which heretofore has iwt been very reliable for nitropolymorn, because 
of the tendency of the lowp.r-moleoular-weight fractions to diffuse through the 
membrane.    During the past quarter various other sources of error in tiie method 
were resolved,  and attempts were made to evaluate the molecular weights of some of 
the high-raolecular-weight preparations.    The results indicate that diffusion of the 
low-molecular-weight  fractions is still the main problem. 

2*        Tompernture-QiBdient Error 

The structure of the Zimm-Myerson osmometer Is such that the ap- 
paratus can function as a very sensitive thermometer if it is subjected to changing 
temperatures.    The large cubical coefficient of expansion of acetone and the large 
volume of the osmometer cell relative to the volume of the capillary tube produce 
this sensitivity.    If it is assumed that diffusion of acetone through the membrane 
is negligibly slow in comparison with the. rate of expansion or contraction of acetone 
In response to changing temperature, the change in height in the osmotic-pressure 
capillary resulting from a 0.1°G change In temperature would be about 2.1 cm.    The 
oamometera are mounted In a mercury-thermoregulated,  constant-temperature bath, 
reputedly accurate to 0.01°C.    Howevur,  random fluctuations In the osmotic capillary 
heights suggestive of changing temperature were observed, and it was bwlieved that 
Inadequate stirring of the water in the bath could account for these fluctuations. 
The constant-temperature bath was equipped with a more efficient stirror,  and the 
stability of the osmometer capillary heights was observed with pure acetone in the 
osmometer cells.    With the improved ntlrrer, the capillary heights were perfectly 
stable, within the limit of aoouracy of the reading, both with acetone and polymer 
solutions in the calls.    Qoldblum points out that temperature control is esotjntial, 
not only to prevent the thermomotric effect in the capillaries of the osmometers, but 
because the slope of the n/c vs c curve may be strongly dependent on temperature.* 

*K. B. Ooldblum, J. Phys. k Colloid Ciwrn. £l, u7U (19U7). 
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3«       Surface-Tanaion Error 

The capillary rise due to surface tension WSH measured in uno 
of tha osraometers for pur« acetone,  and for the most concentrated polymer solu- 
tion used to date (polyurethane I-J, 0.016 g ml~l).    The values agroed within 
0.1 cm (the limit of accuracy of the reading),  so that it will be assumed in 
the future that the effect of concentration on surfnew tension in negligible. 
Hookway and Tormsend also found this to be tho case with solutions of poly- 
styrene in various solvents,*1, 

U.       Density Error 

The densities of four solutions of polyurethane I-J in acetone 
were determined.    It was cnlculnted that the maximum error resilting from using 
the density of acetone in calculating molecular weight instead of the density of 
the actual solution would bo about 2% for the most concentrated polymer solution 
used to date.    Accordingly, the actual densities of the solutions were used 
in all calculations. 

!>•        Polyurethane I-J, Preparation 1°!?-A 

Moleculnr-weipht runr; were made on polymer I-J, preparation 
JRP-195-A, the polyurethane of 3»3-dinitro-l,5"-pontano dilsocyanate and 2-nitro- 
2-m9thyl-l,3-( ropanediol.    Several runs were made at each conoontration, with 
the remits shown in Table XVII.    Th« equation for osmotic pressures of dilute 
polymer solutions, derived from the Hu[';'ins-Flory equation for free energy of 
the solutions,  as stated by Mark and Toboleky in terms of concentration,** is 

FT ^       Fff 

where 
op 

n • osmotic pressure, atm 

e " concentration of solution,  p ml" 

R • the pan constant, 02.07 ml atm mole        K 

T - tlie absolute temperature,  °K 
-1 

V   • mole volume of solvent, ml mole 

• density of the polymer, g ml" 

p • interaction index for solvent-polymer, indicative 
of the solvent power of the solvent for the solute 

H. T. Hookway and R. Townsend, J. Cham.  Soc, 3190 (August 19&2). 

H. Mark and A. V. Tobolsky, Physical Chemistry of High Polymeric Systems 
(Interscience Publishers, New York, 1950), p. 262, 
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ft plot of n/c VB o it shown in Figure 8.    From the Intercept of the extrapolated 
straight line the molecular weight was calculated to be 60,200, using the 
relationship 

U       m 

The slope of the line, equal to 

^7 (1/2 -M) 

WSP used to calculate \x,  for whioh a value of 0.39 was obtained for the I-J— 
acetone system at 25°C. (The density of I-J is 1.U67 g ml"1 and the mole volume 
of acetone is 7U ml.) 

Molecular Weight of Polyurethane I-J (JRK-19S-A) 
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6. Diffusion Error 

It .18 to be noted in Table XVII that preparation JRF-195-A dif- 
fused through the membrane to an extent of 5 to Q% by wight.    The amount of dif- 
fused polymer WPO raearurari by evaporating the aoetone from thfc jacket surrounding 
the osmometer call and WeUhinf the non-volatile residue.    The diffusion was mani- 
fested in the osmotic-pressure measurement by a continually dacrsnsing pressure 
head after the maximum pro enure war. indicated.   The diffusion error was measured 
as soon as possible altar a decreasing pretfiure head was noted.    The pressure 
maxima were determined by setting the osmotic columns at a low value and taking 
periodic readings until a falling meniscus was observed.    In most cases the 
maximum was reached within 1-1/2 dpya, but the fall of the meniscus continued after 
the maximumi and there was no indication of a cessation of the diffusion In one run 
which vras allowed to stand in the oamorceter 'or a portod of a weak.    The deviation 
of the diffusion measurements WBL   ^ilte i ir^a* up to values of 20)8 of the mean, 
baaausu of the poor precision of- measurement of such small quantities of polymer, 
but in no case was a complete absince of diffusion observed.    In a quite thorough 
study of membrane permeabilities, Philipp and 3jork also noted that diffusion was 
observed in all cases and that the prooasr proceeded continuously,*   It would be 
dweirable to know the average molenuler weight of this diffused polymer, but such 
a measurement will be difficult becrusn of the very low concentration. 

7. Effect of Diffusion on Molecular; Weight 

a.       An attempt wro made to correct for the dlffunlon error as 
rigorouily as possible in oaloalatin;* the molecular weight of preparation JRF-195-A. 
As a basis for calculation, it was asnumud that the concentration of polymor molocules 
which are small enough to be subject to diffusion through the membrane is the same 
in the inside of the osmometer cell as it is on the outside.    The fact that the 
diffusion process does not come rapidly to an equilibrium tends to invalidate this 
assumption, but for lack of any other basis on which to work, it was assumed that 
the diffusion ia sufficiently slow that the difference in concentration on the two 
sides of the membrane is negligibly small at the time at which the pressure head was 
read.    The actual amounts of low-moleeulur-weidht polymer on the inside and the out- 
side of the osmometer cell will than be in proportion to the volumes of the liquid 
in the cell and in the osmometer Jacket, which have the ratio of ltl3.   Accordingly, 
the actual weights of diffused polymer obtained by the evaporation of the acetone in 
the Jacket wore multiplied by lu/l3, to  five the amount of polymer "subject to 
diffusion," from which the percentagen reported in the eighth column of Table XVII 
were calculated.    It was also assumed that the molecules subject to diffusion would 
have no effect on the oamotio pressure head developed in the osmometer, because their 
concentration would be the same on each tildes of the membrane.    The pressure head 
would then be the osmotic pressure resulting from the lar^e molecules retained in the 
cell, which are not subject to diffusion.    The weipht concentration of these large 
molecules (Column Three* Table XVTI) was obtained from the original concentration 
(Column Two) by subtracting the amount subject to diffusion (Column Sight).    The 
overall average diffusion for the runs on preparation JttF-195-A was 6.U;?. 

a •  
H. J. Philipp and C. F. BJork, J. Polymer Sol. 6, 383 (1951). 
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b-       As ft first approximation* calculations baped on the above 
assumptions rive a number-average molecular weight of 60,200 for the upper 93.61! 
(weight basis) molecular-weight  fraction of preparation JRF-19!?-A.    The unknown 
factor in this diffusion-error correction is the effect of the small molecules 
in the osmometer cell on the activities of the solvent and solute in the coll, 
solute in thia case being defined as the polymer molecules which are not subject 
to diffusion.    Because the average molecular weight, the molecular-weight dis- 
tribution,  and the actual  number of the molecules subject to diffusion are all 
totally unknown at present, there is no manner in which their effect on activities 
can be estimated* 

®•        Rapid-Equilibrium-Approach Technique 

a.        In an attempt to minimia* the diffusion error and to 
speed up the determination of osmometric molecular weight,  a technique comparable 
to the rapid-equilibrium-approach** was used with polyurothane I-J, preparation 
JRF-195-G» and polyurethane IA, preparation JKE-128.    For the first concentra- 
tion with each of the preparations, the meniscus showing osmotic pressure was 
lowered manually immHdiately after the cell reached temperature equilibrium, to 
a value considerably below the expected osmotic-prasnure head.    (This wan the 
technique used at all concentrations for polyurothane I-J, preparation JRF-195-A.) 
Observations of the rising pressure head were then taken periodically until a 
maximum wan observedj the maximum occurred within 22 to U6 hours, as shown in 
Table XVII.    For the second and subsequent concentrations on preparations JRF-19£-Q 
tnd JKE-128, the meniscus was elevated, after temperature equilibrium was at- 
tained, to a value just slightly below the expected maximum, calculated from the 
approximate osmotic pressure based on the result of the first concentration.    The 
following points may be notedi 

(1) The maxima occurred at <six hours in all canes in 
which the rapid approach was used.    (No readings were taken between the 6th and 
22nd hours.) 

(2) The diffusion was smaller for preparation JKE-128 
than for preparation JHF-195-A. 

(3) The deviation in osmotic pressure within individual 
runs at a givon concentration (Column Five)  is smaller-with the long approaches 
to the maxima than with the rapid approaches. 

Li,t      The plots of tt/c vci c for ths runs in which the 
rapid approach wan used (Figures 9 and 10)  do not give a rational relationship, 
whereas the runs in which the long approach was used (Figure 8)  five a pood linear 
plot. 

Aerojet Report No,  563 (31 December 19J>1), pp.  U2-U6, 
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Molecular Weight of Polyurethano I-J (JRF-195-G) 
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Molecular Weight of Polyurethan© I-A (JKB-128) 
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b.       Points (3)  and (I*) could be explained by assuming that 
the diffusion takes place roost rapidly at the beginning of the determination 
arid becomes progressively slower, although still in progress at the end of all 
of the runs shown in Table XVII.    Under this condition the pressure equilibria 
(which depend on the diffusion) would he most unstable* and consequently most 
erratic, during the first few hours after the osraometer cells are filled. 
Consequently, the results would show better reproduoibility, although not 
necessarily better accuracy, with the long approach to the maximum, 

9«       Uolecular-WeiKht Distribution 

The accuracy obtained with the long pressure-equilibrium 
approach will depend upon the molecular-weight distribution of the polymer. 
There are no data at present on molecular-weight distributions for nitropolymers 
developed in this laboratory.   A report on fractionated nitrocellulose ahowtt a 
quite uniform distribution of Molecular weights between 20,000 and l«>0,000j* 
these fractions comprise about 2$% of the total polymer.    The remaining 1$% 
exhibits molecular weights averaging 200,000| the overall number average de- 
termined on the unfractionated sample was 97,500,  so that on a relative frs= 
quency basis the low-moleeular-weight molecules predominate*    The diffusion 
data shown in Table XVII suggest that a comparable situation exists with the 
polyurethanes. 

10.      Future Plans 

It is planned to continue the oaraometric determinations as 
described above, using fractionally precipitated polymers in an effort to 
resolve the diffusion error.    If the diffusion error cannot be reduced to an 
insignificant amount with the higher fractions of the fractionated polymers, 
m attempt will be made to correct for the diffusion by a rate study of the 
decrease in osmotic pressure after the maximum has bean reached, and extra- 
polation to zero time.   A study of the magnitude of the maximum vs the rate 
of approach to the maximum for a given fraction will be made, with correspond- 
ing measurements of diffusion, preferably on one of the lower fractions.    It 
may also be possible to measure the molecular weir.ht of the diffused polymer 
by the Isoplestic method, by concentrating the solution of diffused polymer 
by partial evaporation of the acetone.    Values of specific viscosity will be 
obtained for each fraction.    The ultimate objective of the studies on the 
fractionated polymer is to obtain reliable molecular-weight data over a suf- 
ficiently wide range of viscosities to calculate the constants in the modified 
Staudinger equation.** 

#* 
*C. F. Bjork, NavOrd Report 1986, NOTS 58l, 3 September 1952. 

Aerojet Report No. £Uo (19 September 19!?1), p. 12. 
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B.        SPECIFIC, L'PIIL&;S& OF MTR0K)Ll&iER-OXI13IZ R SYSTEMS 

1.       Calculations by the Short Method 

a.       The specific Impulses of systems of nitropolymer and 
ammonium nitrate or ammonium perehlorate are of interest*    Usiny the "short 
method" reported previously,* values were calculated at several oxi&Uer 
compositions up to the stoichiometric for each of the following polymerst 

I-A    (2,2-dinitro-l,3-propanediol • 3,3-dinitro-l,5>-pentane dlisocyanate) 

I-AN (completely nitrated I-A) 

I-J    (2-nitro~2-methyl-l,3-propanediol + 3,3-dinltro-l,5-pentane 
dlisocyanate) 

I-JN (completely nitrated I-J) 
Polydinitrobutyl acrylate 

The results are collected in Table XVIII, and represented graphically in Figures 
11 and 1.2.    For the pure components, the calculated specific impulses arei 

Isp» 
"ib-aec/lb 

I-A 17U 

I-AN 233 

X-J 125' 

I-JN 202 

PDNRA 136 

NHUN03 2UU 

NHj4G10u 267 

b.       J)ifTerences from the npeclfic impulses reported earlier 
for these compounds are due to the use of experimental heats of combustion 
(where available) in place of the predicted values used in the earlier calcu- 
lations • 

*AeroJet Report No. 091/6-2. 

Page 3U 

CONFIDENTIAL 



tBWSi•-!"•*^^^^   -=•••      •<••--•••  - -* **•<     •••-   -• -,a!r«-;^f^fega*^ iimBm*^Sjayimt ^^mrj^awBattiaMggM•»>MWJItHr»rm»t: j*Mwi-<0::;-">»i 'iiftmiWWi^-i :S°»tf.^WW^jpatftflJliiaM <awR8w*.«ai - 

CONFIDENTIAL 

III Tachnical Progress, B (conk.) Report No. 686 

TABLE XVTII 

SPECIFIC I.VPULSBS OF   ••TTR0P0LYMFR-OXIDIZ'!B SYSTEMS 

Pulvmor 

I-A, fc,.H1,lMAa 10HlliN6u12j 

n I-AN.  [C10li12N8Ul6i 

w'  ^llHlVN70lo] ~'n 

I-JN. rC11HlSN70lU-l 

PDW3A, 
"G7H10K2°6] 

Staiehiomotric      Im,  lb-.«.pc/lb,  nt Follovrlnn wt',? tfH),NG3 

** NHhNQ3       30     LiO    |0,   60,   6g„   7£_   7*^   Stolohu 

7U-S              —      —      218    22l»    —      230    — 232 

237    239    2h0    •—     -  2Ul 61.5 

Hi. 2 

72.6 

02.7 

— 20h —  219 —  228   232 

22h 228 —  23h —  —   236 

— 20 B —  221 —  229   23" 

Pol^innr 
Stotehlometric 

Wtf? NttyGlOj, 

T~A,   p10H1,|M601g] 63.2 

I-AN,  [010H12H8Ol6]n U3.U5 

X-J,  pnlI17N7010) 71.8 

I-JN, [C^H^O^ 6o,8 

PDNBA, [c7H10p2o6] 73.7 

IBp, lb-Bfjc/lb,  nt Following wt? lUI^ClO^ 

20 30 UO      To~~      oO Stolen. 

203        21b'        226        235 

2)ili        2)iB        252 

173        19U       200 

222        231        238        2h$ 

181  198  213  227  238 

2h7 

256 

235    2U0 

252 

U9 25 
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10 !*0 SO To 
*t,   *  KNj.ilU, 

1W BO 90 100 

Figurt 11 
Specific Impulses of Nitropolymer-NH)jN03 Mixtures 

Calculated for 1000 pnin by the Short Method 

Figure 12 

Specific Impulsen of Nitropolymer-NHfoGlOlj Mixtures 
Calculated for 1000 paia by the Short Method 
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2.        Accuracy of the Short. Method 

a.       For an indication of the accuracy of the short method 
ar. applied to these systems, specific impulses of the system I-JN/NHI4NO3 were 
recalculated at length by the exact method, for 1000-pala chamber pressure. 
The procedure assumes mobile equilibrium in the exhaust gases.    The compari- 
son is shown in Table XIX. 

TABLE XIX 

COMPARISON OF SPECIFIC IMPULSE CALCULATIONS 

Composition, wtff ISp, lb-pec/lb 

I-JN NHLNU- Short Method Exact Method 

100 0 202. k 202.5 
80 20 2lli.3 2lh.fi 
70 30 219,5 220.1 
60 ho 2214.0 22b.2 
<;o 50 228.Li 227.6 
35 65 23L.O 23h.7 

27.I4I4 72.56 236.li 23U.9 
(stoichlometrio) 

61 Temp, Tc, °K 

-0.1 I8h5 
209U -0.5 

-0.6 2220 
-0.2 2332 

2hho •K3.B 
-0.7 2551 
-1.5 2685 

Because of the generally low flame temperatures, dissociation effects were 
ignored.    The agreement obtained was excellent. 

b. A similar comparison war made for a group of composi- 
tions containing NHhClOjj, With this oxidizer, flam* temperatures are higher 
nnd it Is necessnry in some cases to take dissociation into account. Further 
comparisons will be mwde for such canes. In the meantime, ignoring dls«ocie- 
tlon, the comparison given in Table XX waa obtained} values for which t.ie in- 
fluence of dissociation may be apprseiablt are shown in parentheses. 

TABLE XX 

COMPARISON OF &PBCIFXC TMPUL' B CALCULATIONS, TI 

Isp» lb-nec/lb 

Composition 

QQ% 1-A,    20% NHjjOlOh 
80 I-AN, 20 
KO I-JN, 20 
5o I-JN, 50 

Short Method 

202.6 
2h3.7 
222.3 
2U5.1 

Rxact Method 
(Ignoring 

PisHOCRation) 

206. h 
(2h6.3) 
22h.7 

(2)49.3) 

Chsmber 
AI Temp, T0> °K 

-3.8 1970 
32140 

-2.h 2h20 
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3.       Generalised Charts for Specific Impulses of Nltropolymer- 
Oxidlaior Syatema 

Figures 13 end lli ware constructed on the basis of the data 
of Table XVIII.    Thay permit the rapid estimation of the specific impulse of a 
mixture of a nitropolymrtr and ammonium nitrate or ammonium perohlorate.    First, 
tiin fuel oxygen balance, Op, is calculated from the relation 

op • igSa co-ao-l) 

where C, H,  and 0 are the numbers of pram-atoms of carbon, hydrogen,  and oxygen 
In a gram-foriula-weight U of the fuel.    Figure 1$ or Figure 16 is then used to 
find the percentage of oxldissor required to oxidlste the fuel to carbon dioxide 
end water.    Next, the specific Impulse, I0, of the nitropolymer at 1000 psla is 
estimated by the short method.*   Finally, Figure 13 or Figure 1U is ueed to 
estimate the ppecific Impulse of the stoichiometric mixture and other mixtures 
with oxidiaer.    In using this procedure it is noenssary to calculate the 
stoichiometric point and to confine the estimates to percentages of ammonium 
nitrate oorresponding to this point or below. 

mrr   111    rr w-.   ' 
m'--- --•-'•      --•  • -Li-  111     llll   III If" 
ill    1 ul ;|| ill.tti|li 

*fli|||-t^tlll-}|-' • • T T   *'   ,«i!''    •''!'li|j                           -   • 

am,'4'..       ....'.,.:!!..... .,l!!!jjjj|l ^.//'y\ 

9                M   '  " ie "        6            in            ft JR. aijjii 1111 x li ii jJiuiiijijjiLim.uijj( 
•¥»*•*' 

Figure 13 

Specific Impulse, I, at 1000 paia for Mixtures of a 
Nitropolymer of Specific Impulse, I0, with Ammonium Nitrate 

# 
Aerojot Report No. 991/6-2. 
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Figure lU 

Specific Impulse, X, at 1000 pole for Mixturee of a Nitropolymer 
of Specific Impulse, I0, with Ammonium Perchlorate 
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Figure 15 
Percentage of Ammonium Nitrate Required to Oxidlsae a Fuel 

to Carbon Dioxide and Water 
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Figure lo 

Percentage of Ammonium Perehlorate Required to 
Oxidize a Fuel to Carbon Dioxide and Water 

IV.  TECHNICAL PROQRESSt FORMULATION STUDIES 

A.   FORMULATION OF MIXED POLYMERS 

1. Introduction 

Amorphous nitropolymers as auch do not possess the physical 
and meuhanloel proparllns required for direct uae aa propellant grnins.    The 
ob>etive in thane formulation studies is to find a means for preparing pro- 
pellent grains from the available nitropolymers.    One method, as recorded in 
previous report*), is the polymerization of a vinyl monomer whioh acts as a 
dispersing solvent for the amorphous nitropolymers.    The present report deals 
with the continuation of this phase, particularly with respect to obtaining 
more information on the curing conditions neceisary with variation in monomer 
type and monomer concentration.    The effect of inorganio oxidiaera formulated 
with nilropolyurethanes was also investigated, and the study of the stability 
requirements of nltropolymera has been continued. 

2»       Polymerisation of 2,2-Dlnltrobutyl Acrylate in Presenoe of 
Polyurethane I-J 

a. Discussion 

(1)     When a mixture of 7$% polyurethane I-A (high 
molecular weight*   V)J* - 1,51) and 2$* 2,2»dinitrobutyl aorylete was mixed, 
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only Incomplete blending was achieved.    Polyurethane 1-j is very fluffy, and 
©van an equal weight of 2,2-dinitrobutyl acrylate was quickly absorbed to form 
an incompatible mixture.    Because of this incompatibility, when such mixtures 
were worked on the roller mill or pressed In the burning-rate-strand die, the 
2,2-dinitrobutyl acrvlate was largely squeeaed out* 

(2) The rou.'hly homo-eneous product prepared by 
nuximj the components in a beaker cured readily*   After partial polymerization 
of the 2,2-dinitrobutyl acrvlate was achieved, the mixture could then be 
i VlAlVM ii"fVi 1 \r    V* 1 an4A<4     <%»*    «• W«     WAI 1 *S**    m4 11     «M4 4> V*#%«i«V      MMV*    A^HM»     ^.»»+     #* T    4> K*b     n^*H»'l   •»•*- ** ******* Wu^IWi^f     kueiiuipu    wil    vo*«a    # u *..i-.t-i i     HU^I.   Wi-Viiwuv    "M1Jr    03Wb*Hg    wuw   v*     vsin    »w* T^SUCJ* 

A homogeneous! compatible product was obtained, but some degradation or the 
polymer resulted.    The product obtained is tough and flexible and is being 
cured further.    Formulation of 75/25 I-j/DNM by the above procedure does not 
yield a physically satisfactory product.    Work on intermediate composition 
formulations is under way. 

(3) A mixture of 10% polyurethane I-J (JRF-188), a 
polymer which is partially cross-linked, 30% 2,2-dinitrobutyl acrylate,  and 
0.5J8 A.AKP as a catalyst cured well both with and without 1}S N-methyl p-nltro- 
aniline at rooc temperature.    The mixture was prepared by blending the com- 
ponents thoroughly on a roller mill.    No oilin;   out of 2,2-dinitrobutyl 
acrylete was observed.    The polyurethane I-J used was a high-molecular- 
weight polymer (^|r • 2.6U, 1% in acetone)  and was also incompatible with 
2,2-dinitrobutyl acrvlate•   The product obtained when cured is friable.    The 
samples containing stabiliser cured more completely at both room temperature 
and 65.5°G, as judged by the increase in viscosity of solutions of the samples. 
This experiment suggests the use of partly cross-linked polymers in formulation 
studies. 

b.        Experimental 

The 70/30 formulation samples were prepared by mixing 
the components on the roller mill, and were cured at room temperature in 
desiccators containing a nitrogen atmosphere,    When cured later at h$°C, the 
samples were scaled in glair tubes under nitrogen.    The results are compiled 
In Table XXI. 

3.        Polymerization of 2,2-plnltrobutyl Acrylate in the Presence 
of Polyurethane I-A 

a.       Discussion 

When a mixture of 70SI> polyurethane I-A (composite of 
JKE-118 Bnd JKE-119)  and 305$ 2,2-dinitrobutyl acrylate wau prepared, complete 
compatibility was observed.    Judging from the relative-viscosity measurements, 
the mixture did not cure to any greater extent in the presence of any particular 
catalysts or in the presence or absence of stabiliaers9    Variations in tem- 
perature from room temperature to 65 C had little eftect on curing.    Other 
mixtures, such as a 50/50 mixture, cured only partially and slowly, but 
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somewhat more completely than a 75/20 I-A/DNBA formulation.   All these formu- 
lations were compatible, forming almost completely horaogenoous, viscous fluids 
of tacky and rubbery conaistencv at room temperature, 

b.       Bstperimental 

Polyurethane I-A, 2,2-dinitrobutyl acrvlate, and 
catalyst were mixed, blended on a roller mill, and placed in well-cleaned test 
tubes, flushed with nitrogen, and stoppered.   When it was noted that little 
increase in viscosity of solutions wee occurring at room temperature, the 
samples were sealed in glass tub*,* and heated to US°U.    The data are given in 
Table XXII.    In view of the unsatisfactory results presented in Table XXII» 
formulations containing greater amounts of polymerisation catalysts were pre- 
pared.    These results, which are essentially negative, are given in Table 
XXIH. 

TABLE XXI 
SMHSBMSMBBSBMBBMSJ 

CURING OF I-J (JRF-l8R)/DNDa* P0R1!UIATI0NS 

oViac.b for 1$ Solutions 
Composition Curini Conditions in Acetone 

I   • I III iftwWMIMMWM— ••fl—WH     I   11 n I   lllll    . „!•• JSlliiiHi i UMi»Mni.'Hi»iiiii».ij ill! tutmmm m    — .J..I.H.I .W-Ti^mrmiW •iMUBWUMII! I  II Ilium ••r.ijJW— l» iMMW_". 

70/X) I-j/DNBa   f5 days at R.T.d -K),29 

days at R,T. + 92 hr at 65.S°C* *>.08   (0.3?)8 
• 1/2?: MaKpo 

70/30 1-J/DNBA   I $ days at R.T. +0.2U 
• 1* MNA*        ( 

\J days at R.T. * 92 hr st 65,5 0g «0.5l    (0.7$)g 

*DNM i« 2,2-dinitrobutyl aerylate. 
b £Viac, is for each interval, not cumulative. 

°JiAKP is methyl amyl ketone peroxide, 
TUT. is room temperature. 
965.5°C refers to the temperature, time, and genera] conditions of the 
Warburg stability test run. 

f 
MNA ie N-methyl p-nitroaniline, 

^The bracketed Aviso, values represent the total increase* 
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CURING OF 70/30 AND 75/25 POLWRT5THANE I-A/DNBA* FOR! UUTI0N3 
USIHQ LOV.r CATALYST CONCENTRATIONS 

Catalyst Stabilizer        Curing Condltlona 

70/30 Formulations 

None Nonej  100$ I-A    Nor.® 
1/ltf iAivT3   None 96 hr at R.T.    + 700 at U5T 

l/U'/g MAKP     1% ifi*Ac 96 hr at R.T. + 700 at 1*5^ 
96 hr at R.T, + 700 at hft* U8 at 65° 

l/l$ AZ0d     None 96 hr at R.T. + 192 at 1*5^ 
96 hr at R.T, + 192 at li5^+ 89 at 65° 

1/W AZO       1% IJNA 96 hr at R.T, + 192 at US°C + 09 at 65° 
96 hr at R.T. + 192 at U5°C 

75/25 Formulations 

C-le 1/25. S-lf 115 hr at R.T. 
790 hr at R.T. 
115 hr at R.T. • 500 hr at U5 C 
115 hr at R.T. + 500 hr • U8 hr at 65 C 
115 hr at R.T, + 500 hr +168 hr at 65°C 

C-l 2% of S-l 115 hr at R.T, 
115 hr at R.T. + 70 hr at U5 C 
115 hr at R.T. • U80 hr at U5°C 
115 hr at R.T, + LfiO hr • L8 hr at 65 C 

C-l l/h DBUg 115 hr at R.T, 
115 hr at R.T. + 22 hr at h5qC 
115 hr at R.T. + 1.30 hr at li5°C 

0.25;" i'AKF    1/2:5 S-l 115 hr at R.T. 
115 hr at R.T. + 22 lir at L5°C 
115 fir at R.T. + 1*30 hr at U5°C 

l/M ;AKP      S~2h 115 hr at R.T, 
115 hr at R.T. + 22 hr at U5°C 
115 hr at R.T.  • h30 In* at l»5°C 

ADNBA io 2,2-dinitrobutvl acrvlate. 
>1AKP la methyl aayl kotone peroxide, 

°MNA Is N-methyl p-nltroanillne. 
dAZ0 IF azo-bls-laobut\ronitrile. 
®C-1 la 0.25'A benzoyl poroxide plus 0.1,1! dimethylaniline, 
fS-l io equal weights of N-methyl p-ivltroanlllne plus dlbutyl tin dllaurate. 
^DBU is Bym-dibutyl urea. 
Js-2 1B 0.25# dibutyl tin dilaurate plus 1.02 N-methyl p-nitroaniline. 
Tl.T. is room temperature. 
j     IJj 

A*L   iB for each interval, not cumulative. 
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1.51 
1.36 +0.09 

1.33 
1.35 

+0.09 
+0.02 

1.32 
1.33 

+0.05 
+0.01 

1.37 
1.35 

+0.11 
-0.02 

1.30 
1.30 
1.32 
1.35 
1.31 

~0.01 
•0.00 

+0.01 
+0.03 
-0.0U 

1.30 
1.3u 
1.32 
1.33 

-0.02 
+0.02 
0.00 

+0.01 

1.32 
1.33 
1.3l* 

0,00 
•0.01 
+0.01 

1.30 
1.30 
1.3U 

•0.03 
0.00 

+0,0l» 

1.28 
1.27 
1.30 

+0.03 
-0.01 
+0.03 



CONFIDENTIAL 

IV Teohnloal Progress, A (eont.) Report No, 686 

TABLE XXIII 

CURING OF I-VDNE** FORMULATIONS 
USING   HIGHER CATALYST CONCENTRATIONS 

Ratio 
I-A/PNBA    Catalyst    St^bJLUaer          Curing   

1O0SJ I-A None None None 
75/25 G-2° None 20 hr at U5°C 
75/2$ G-3<* 1$ Sn« 20 hr at h$^Q 
75/25 1/2 C-3 1/2,2 Sn 20 hr at li5°C 
50/50 1/2 C-3 Wi Sn 20 hr at U5°G 

75/25 0-2 None 1*0 hr at U5°C 
75/25 C-3 1% S-l bO hr at h5 C 
75/25 1/2 C-3 1/256 S-l liO hr at U5°C 
$0/50 1/? C-3 1/2$ S-l UO hr at U5 C 

75/25 C-2 None 90 hi- at U5°C 
75/25 C-3 1$ S-l 90 hr at U5°C 
75/25 1/2 C-3 1/2*5 S-l 90 hr at U5°C 
$0/50 1/2 C-3 1/2$ S-l 90 hr at U5°C 

75/25 C-3 1$ S-l 160 hr at U5°C 
75/25 1/2 C-3       1/2* S-l     160 hr at l^C 
50/50 1/2 C-3       l/2$ S-l     160 hr at U5°C 

75/25 C-3 156 S-l 160 hr at U5° • 95 at 65° 
75/25 1/2 C-3 1/2* S-l 160 hr at U5° + 9$ at 65° 
50/50 1/2 C-3 1/2$ 3-1 160 hr at U5° + 9$ at 65° 
50/50 1/2 C-3 1/2/, S-l 160 hr at U5    +150 at 65° 

"DNBA is 2,2-dinitrobutyl acrylate. 

The AVIBC. 1P for each tent interval, not cumulative. 
eG-2 is 0.5$ benaoyl peroxide 0.2$ dimethyl aniline and 1.0$ N-methyl 
p-nitroaniline. 

C-3 is 0.5/u benzoyl peroxide, 0,2$ dimethyl aniline, 0.5$ azo-bie- 
loobutyronitrile, 1.0$ N-wothyl p-nitroaniline and 1,0$ dibutyTTin 
dilaurate. 

<3n in dibutyl, tin dilaurate. 
f 
The bracketed Avloc. values represent the total change for the formulation. 

«y»l/» 
AViae.b 

1.51 
1.2U 
1,26 
1.27 
1.23 

-0.02 
-0.03 
-0.03 
+0.01 

1.29 
1,29 
1.29 
1.29 

+0.05 
+0.03 
•0,02 
+0.06 

1.30 
1.31 
1.32 
1.32 

+O.0l(+O.0U)f 

+0,02 
+0,03 
+0.03 

1.30 
1.32 
1.3? 

•-0.01 
+0.00 
+0.05 

1.29 
1.33 
1.39 
1.U2 

-0.01(0.00) 
+O.01(+0,03) 
+0.02 
+0.03(+0.20) 
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H.   Polymerization of Methyl Methacrylata In Preaenca of 
Polyurethane I-A 

a, Diaousaion 

(1) In view of the great retardation of the poly- 
merisation of 2,2-dinitrobutyl acrylate by polyurethane I-A, it was considered 
of interest to prepare I-A formulations in which 2,2-dinitrobutyl acrylate 
was replaced by methyl methacrylate.    Methyl methacrylate polymerizes very 
rapidly to a high-molecular-weight polymer*    It was curad in the presence of 
polyurethane I-A in the ratio of 10 and 25%,    The influence of I-A on the 
polymerization of methyl methacrylata was determined by viscosity measurement§• 
Similar formulations in 2,2-dinitrobutyl acrylate were also prepared for 
comparison* 

(2) While hard,  solid products were obtained, the 
relative viscosity of the 90/lQ lM/l-A formulation was half that of the 
polymethyl methacrylata.    The 75/25 product had a still lower viscosity. 
Under the same conditions, 2,2-dinitrobutyl acrylate without any I-A added 
polymerized much more slowly than any of the methyl methacrylata samples. 

(3) Ten and 25 percent of polyurethane I-A do not, 
however, have any marked effect on the polymerization of 2,2-dinitrobutyl 
acrylate.    Thare is a marked difference between the effect of 10 or 251 I-A 
as compared with that of 1$% or even 50# of I-A, 

(U)     A gem dinitro group has moderately active chain- 
transfer properties.    It appears the polyurethane I-A, which contains two gem 
dinitro groups and two active urethane hydrogens per polymer unit, is an ef- 
fective chain-transfer agent.    In minor amounts in 2,2-dinitrobutyl acrylate, 
the chain-transfer activity of polyurethane I-A is apparently no greater than 
that of the gem dinitro group in DNHA*    In higher concentration, some other 
factor   may become important, 

b. Experimental 

(1) Two formulations were prepared by dissolving 10 
and 25$ of polyurethane I-A in a ^solution of mntliyl methacrylate containing 
0,$% methyl amyl ketone peroxide as a polymerization catalyst.    Polyurethane 
I-A dissolved very rerdlly and quickly.    The solutions were plaoed in sealed 
tubes in the usual manner and cured at room temperature and then U5°C.    From 
the data, presented in Table XXIV, the decrease in the values of the relative 
viscosities Indicates strong retardation in the polymerization of MMA. 

(2) Whereas a Ijl mixture of I-A and 2,2-dinitrobutyl 
acrylate seemed to form a complete solution, neither a 10#nor a iS% quantity 
of polyurethane I-A would dissolve completely in 2,2-dinitrobutyl acrylate. 
Aftor a week's stirring in test tubes with close clearance between the etirrer 
and test tube wall,  almost complete mixing was obtained.    It appeared that some 
polymerization also occurred.   The data are presented in Table XXV. 
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TABLE XXIV 

CURING OF I~A/iiIA8 FORMULATIONS AND iJMA 
AND DNBAb BY Ti!J5\3I&LVES° 

Composition Cur injj^jDondlt ions 

3 days at R.T. + 2 days at U5°C m\ U.02 

90/10 »m/l-A 3 davB at R.T. + 2 days at li5°C 2.03 
75/25 3 daya at R.T. + 2 days at U0°C 1.71 

1.69 

mm 3 days at R.T. * 2 days at k5QC 1.38 
1.38 

MMA is methyl methacr-late. 

^NBA is 2,2~dinitrobutyl acrvlate, 

All formulations contain 0.5$ methyl amyl ketone peroxide. 

TABLE XXV 

CURING OF 10/90 AND 25/75 I-A/DNHA2 FORMULATIONS 

Composition Curing Conditions a2 
10/90 I-A/DNBA None 2.17 

10/90 I-A/DNBA 7 daya at ll5°C 2.23 

25/75 I-A/DNBA Noneb 1.86 

25/75 I-A/DNRA 7 days at b5°C 1.98 

^NDA is 2,2-dlnitrobutyl aerylate. 

Qualified by an unknown amount of polymerisation 
of the DNL1A which may have occurred during the 
week of stirring. 

5.        Polvnitrourethane-AjTUDonlum Nitrate and Polynltroursthane- 
ammonium Perchlorato Fojrrnulatlona 

a.       Formulations with Polynitrourethene I-A 

(1)      Discussion 

(a)      Specific-impulBe calculations for mlxiuras 
of various nitropolymera with inorganic oxidizera such as ammonium nitrate or 
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mmonlura perchlorato show that the performance of a relatively lovr-snergy 
nitropolymer can be greatly Improved by incorporation of a small amount of 
Inorganic oxidiser (aee p. 35). The objectives of the preliminary studies re- 
ported at this time are to determine the effect of the ammonium nitrate and 
ammonium perohlorate addition on the burning rate, to note the gross physical 
characteristics of the strands produced, and to determine in a preliminary 
way the necessary procedures for preparing the strands and other test specimens. 

(b)  Using polyurethanes I-A and I-J, 50!5'0# 
mixtures have been prepared in a ball mill with both ammonium nitrate and am- 
monium parchlorate. The material obtained is reasonably uniform. All blends 
were found more sensitive to impact and to thermal decomposition than the 
starting polyurethanes (Table XXVT). 

TABIJi XXVI 

PHYSICAL PnGPlSRTOS OF I-Jk Uh I-j/NHUClOlj, 
50/50 FOR'"XJLATIONS 

Impact Sensitivity 
2-kg wtj oiu 

7-8 

Max Temp 
Without Flaming 

°C 

Flare-up 
Temperature,  °C 

1 aec 

270 

20 sec Composition 

I-A/NHKOlOli 7-8 2U0 250 
50/50 

I-J/NHI^CIOU 12-13 252-253 260 300 
5o/5o 

(c)      Tho burning rate strand* of polyurethane 
I-A-ammonium nitrate were obtained by pressing li g or 8 g of the mixture at 
150°F and 7000 lb/sq inch.*   Crystallization of the ammonium nitrate appeal's 
to occur shortly after the fused samples are released from the die.    The re- 
sults for 50/50 I-A-ammonium nitrate at 1000 lb pre; «ure and 60°F Indicate no 
material change in the burninc rate of 0.12 in./see previously obtained for 
low-moleeular-weight I~A.    Tho burning rate for strandn about 3 mm thick 
(using k g of material)  is Uio same as for samples about twice as thick (0 g 
of material).    The uniform rate for the first and second inch may be inter- 
preted to indicate good uniformity of blending, 

(2)      Experimental 

(a) A composite I-A prepared from JKE-118 and 
JKE-119 was used„ The ammonium nitrate was 30$ fine and 10% coarso grade, as 
used in Aeroplex formulations.    The 50-50 mixture was first tumbled in a Jar 

f* 
Aerojet Report No. 638, p. 67. 
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on a roller for 2l* hours*   A single pressed in the burnini   rate stand die showed 
obvious nonhomogenaity.   The mixture wee then ball-milled in the same jar on 
a roller for 20 hours. 

(b)      The desired size of I-A/NH14NO3 sample was 
weighed into the die and pressed at 120°F snd 7000 Ib/sq in. on a Carver press. 
After 15 minutes, the temperature was increased to 150°F for 15 minutes.    The 
temperature was then gradually dropped to 60°F over a half-hour period, keep- 
ing the pressure at 7000 lb/sq in.    The samples were fused evenly at 120°F, 
and no obvious additional change occurred at I50QF.    Whan removed from the 
die, the samples were fairly homogeneous ill appearance and had a fused, gray- 
brown appearance.    On standing in a stoppered tube, the samples became more 
grayish In color and "crystallized" in appearance.    The I—,J/NHI1NO3 and the 
ammonium perchlorate formulations will be burned in the near future.    The 
ball-milled mixture detonated at a 25- to 30~cra drop of a two-kilogram 
welpht.    Samples did not explode or ignite when dropped into a Wood's metal 
bath at 270°C.    After a few seconds they gradually fumed off.    The pressed 
samples fumed off at 270 to 300°C (Tables XXVI and XXVII). 

TABLE XXVII 

PHYSICAL PROPERTIES OF I-A Al'D I-j/NhVK)3 
50/50 F0HLULATI0N3 

Fume-off 
Temperatures 

Impact Stability °C 
Composition 2-k|, wtt era 26 sue Iflaeo 

50/50 i-A/Niyrc>3 25 to 30 265      275 

50/50 I-j/NHi.NO, 60 to 75 300 
U"~ 3 (1 mln) 

(c)      The Crawford bomb burning-rate results 
are  c^wm In Table XXVIII.    These  samplef? were restricted by the usual coating 
procedure with several coats of KrylorU 

TABLE XXVIII 

QRAWFORD-BOMB BURNING-RATS TI&3TS AT 1000 LB AND 60°F 

Milling Batch Wt Sample, g 1-in. Time, sec 2-in. Time,  sec 

1 U 0.280 16.U30 
1 8 8,Ola 16.013.  » 
2 U 8.331 9.915U) 

2 8 0.110 16.090 

(a) 

Page U8 

The lead wires were fused close on one side,  indicating a flash down the 
side. 
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6. Manometrio Studies 

«.        DiscuBsion 

(1)      Severe atabtlity requirements have been found to 
be nn Important factor In the formulation of nitropolymere.*   Only the nitro- 
polymera which pans the potassium Iodide starch-paper test at 65.0°C and pro-' 
duoe  * minimum evolution of pan in the Warburg-manometer test (Figure 17)  are 
suitable for formulation work.    In order to find a correlation between these 
two tiitf a aeries of nitropolymera and their mixtures have been investigated. 
The results of this investigation are compiled In Table XXIX. 

Figure 17 
Warburg Apparatus 

Aerojet Report No. 663, p. 60, 
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TABLE mi 

WARBIIRO STABILITY TEHTS ON P0LY1 METHANES AND THEIR FORMULATIONS WITH DNBA* 

Material 

I-A, JKE 111 
I-H,  JKB 96 
I-H, JKE 55 
I-H, JKE 120 
1-0, JKE 76 
I-A, JKE 115 A 
70/30 Above I-A/DNBA0 

As above • 1% MNAf 

70/30 Above I-A/DNRA8 
AB above • 1% MM 
75/25 Above I-A/'DNBfcJ 
I-A, Composite of 

JKE 118 and 119 
I-J, JRF-168 , 
70/30 Above I-j/DNBA1 

As above • 1% UNA 
I-J, JUT 181 
I-J, JRF 168 
I-J, JRF 189 
I-J, JRF 192 Composite 
I-J, Componits of abovn 

65.5°C El«Staroh 
Oat Evolution, ml par Paper Stability 

Curing 100 g par hourb Taat Tifc« 

Nona -O.03 for 61 hre 35 nin 
Nona •0.11 for 87 hr° is nin 
Nona •0.01 for 165 hr0 •M 

Nona •O.lb for 216 hr _- 
Nona -O.Ob for 188 hr° — 
Nona 
U days at JUT. 

•0.11 for ibO hr b • hr 
•0.05 for 87 hr 2-1/2 hr 

li days at R.T. •0.06 for 87 hr 3 hr 
b days at R.T. •0.08J for 87 hr b • hr 
b days at R.T. •0.091 for 87 hr b • hr 
2b hr at R.T. •0.15 for 87 hr ~ 

Nona •O.Ob for lb2 hr k    . 
Nona -0.36 for 75 hr« 25 alnk 

5 days at R.T. -O.Ob for 92 hr° 35 mink 

5 days at R.T. -0,03 for 92 hre 35 mink 
Nona •0.05 for bO hr k 
Nona •0.10 for 39 hi* k 
Nona •0.02 for 69 hr k 
Nona •0.03 for 69 hr k 
Nona -0.02 for 121 hr 

®DKaH ii 2,2-dinltrobutyl aorylaba. 
bThess flguraa art 100 time* tha braokatad values given in Tablaa XXHI and mill of Aerojet 
Raport No. 663, pp. 62 and 63.    Ara vol/wtiS par hour. 

°Thaaa values ara for polyurethwiea aa raoalved and not apaelally driad at b0°C end high 
vacuum.    These polyurfithanea srs stsbls (under 0.10 ml gaa par 100 g par hour) but have tracaa 
of volatilaa. 
l/Wt Of methyl  amyl kstone peroxide based on waight of DNBA praaant. 

^.T. in room temperature. 
f 

WNA in N-methyl-p-nltroanlllne. 
gl/bfl Of Bao-bia-iBobutyronltrlla is present in DNBA. 
Thaae value* ara corrected for gaa (N2) evolution due to decomposition of aio oatalyat. 

Jk mixed cat alyitt-Htablliaser consisting of l/bl benaoyl peroxide, Q.lSt dlasthyl aniline, l/Ujt 
N-mnthyl-p-nltroMnlllne and 1/bf dibutyl tin dlltarata praaant in DNBA. 

These polyurath&nes and formulatlone showed verv sllpht discoloration of the paper after about 
20 minutea or the times indicated.    No marked coloration occurred even after several houre. 
1/21 Of methyl amyl katone peroxide is present in tha DNBA, 

r,This sample of I-J (JRF-188) was thoroughly driad, as ara all materials which ara not aocoR- 
panied by footnotes. 

Page 50 

CONFIDENTIAL 



CONFIDENTIAL 

IV Technical Progress, A (oont.) Report Mo. 686 

(2)     Although nitrooolyurethanes seemed to be stable 
In both testa the postnitrated polyuretha.i©s to date have been found to be 
somewhat inferior.    Table XXX la a compilation of stability results obtained 
by the study of various postnitrated polymers. 

TABLE XXX 

WARBURG STABILITY TSST5 ON POSTNITRAT -ID POLTOROTHANKS 

65.5°C ia-Staroh 
Goo Evolution, ml Paper Stability 

Material per 100 g per hr* 

1.73 for US hr 

Test Time 

I-JN, JRF-193 20 min 
I-JN, JRF-19U 1.66 for Wi hr 2 hr 
I-JN, JRF-193b 0.91 for li5 hr — 
I-JN, JRF-1930 

I-JN, JRF-19Ud 
0.6U for U5 hr — 

0.9b for 1*5 hr w 

I-JN, JRF-193-A 0.96 for h< hr U5 rain 
I-JN, JRF-193-3 1.15 for \6 hr 80 min 
I-JN, JRF-193-C 1.1*8 for h$ hr U + hr 
I-JN, JRF-193-C l.bl for U5 hr U + hr 
I-JN. JRF-208-B 1.38 for h$ hr — 
I-AN, JKE-117-B — 2 min 
I-HN, JKE-116 1.68 for 1*5 hr 

"These values are the same as in Table X end are 100 times 
the bracketed values given in Tables XXXII and XXXIII of 
Aerojet Report No. 663, pp. 62 and 63. 

jDried for 8 hr at room temperature and li> pressure. 
Dried for 8 hr at Uo°C and l\i pressure. 

uried for 8 hr at room temperature and 8 hr at 1*0 C and 
ll> presmire. 

(3)      Mixtures of polyurethanes I-A and I-J with 
ammonium nitrate have been investigated in both the 65.5°C test and Warburg- 
manometer test.    It has boen found that addition of inorganic oxldizers,  al- 
though it increased the oxygen balance, did not change the thermal stability 
of the mixtures (Table XXXI). 
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TABLE XXXI 

WARBURG STABILITY TESTS OF I-A Af'D I-J A14L0NTUM 
NITRATE FORMULATIONS* 

65-i>°C Kl-Starch 
Gas Evolution, ml per Paper Stability 

Material 100 g per hour Test Tina 

I-A/ffifyNOj       +0.1 during first 2u hr h + hr 
$0/50 -0.03 for 10-day run 

I-J/NHI4NO3       +0.2 durlnn first 3 hr U + hr 
<0/50 -0.06 for 12-day run 

Neither formulation was dried under high vacuum,    Both 
show traces of volatilos. 

(U)      In some capes negative values were observed where 
one might, expect increased gas evolution.    This is explained by the experimental 
procedure used.    When the Warburg reaction flask is placed in the 6£.5»°C bath, 
the manometer venting stopcock is left open for a half hour to permit the veauel 
and contents to oome up to bath temperature.   A volatile component will have 
time to vaporise to its vapor pressure for 65.$°C but will not have time to dis- 
till Into the colder parts of the assembly,   A oertuin amount of nitrogen will 
be displaced bofore the manometer stopcock is closed.    In time* however, this 
volatile component will distill into the colder parts of the assembly,    The 
vapor pressure of this material will then drop to that corresponding to the 
temperature of the colder part of the equipment and an apparent "absorption" 
will be evident in the manometer reading.    This explanation is supported by 
the fact that in one experiment the condensate was identified by means of a 
mass spectrographic analysis as dioxan.    This would be a likely contaminant 
because it is used as a solvent in the polyurethane preparation. 

($)      On the other hand, when temperature stability 
was reached an initial rapid passing was observed, which later was completely 
"absorbed."    This observation is explained In the same manner.    When the 
volatile component is less volatile or present to a smaller extent, the half- 
hour warmup poriod may not be long enough for it to reach Its ultimate vapor 
pressure.    After equilibrium la reached,  it may not be volatile enough or 
presont In great enough amount to condense Into the cooler parts of equipment 
to produce an apparent "absorption" (see Figure 18). 

(6)     A study was carried out to attempt the identifica- 
tion of the gaseous products developed from a sample of polyurethane I-JN. 
Mass Bpoctrorraphlc analyses (Table XV)  of the gaseous decomposition products 
demonstrated the presence of nitrogen and nitric oxide in significant amounts 
in addition to carbon dioxide.    From the intensity it was estimated that for 

Page 52 

CONFIDENTIAL 



(MSi«*>»!ias«*K** ->-"•      - •' • iWM#3 fessMM (*$*»*-,&*, MM 

CONFIDENTIAL 

IV Teehnical Progress, A (cent.) Report No. 686 

each soleoula of carbon dioxide formed, a half molecule of nitrogen and a 
quarter moleoula of nitric oxide was evolved.    Whan dry polyurethanes I-J and 
I-H which passed the Jd test ware tested in the Warburg-manometer assembly 
using air instead of nitrogen as the confining gas, an absorption of pas 
occurred.    Analysis of the residual ran from the I-J run showed that the 
oxygen had been completely removed.    There was a small amount of carbon 
dioxide formed, less than one molecule for 20 molecules of oxygen adsorbed. 
No nitric oxide or water were found in the decomposition gases (Table XVI)• 

Figure 18 

Qas Evolution vs Tims in Warburg-Manomatar Tast 

(7)      Experience has shown that both the manometrio 
and the starch-iodide tests are required in order to establish the thermal 
stability of a nitropolymer.   However, no correlation has bean established be- 
tween tha rate of pas evolution and the oxidising properties of the decomposi- 
tion products.    In the future all nitropolymers which are to be considered 
for formulation studies must pass the minimum standards established under both 
of these tests.    These tests will be extramely stringent with respect to the 
postnitrated polymers, and a satisfactory means must be found to provide them 
with adequate thermal stability. 
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b.   Experimental 

(1) The general procedure for Warburg-manometer Jeter- 
minationa has been deaoribed earlier.* 

(2) Whan helium was used an tha confining gaa, the 
system was evacuated and filled with helium four times. Helium waa then flowed 
through the ayatem for fire minutea to drive out email amounta of nitrogen that 
might enter during each fluahing operation* Tha veaael waa heated to temperature 
while keeping the atopeock closed at the top of the manometer. Only when & posi- 
tive pressure developed waa the atopeock opened momentarily, 

(3) Figure 17, proaented on Page U9, ahows the present 
Warburg-manometer assembly for the testing of nitropolymera. 

V.   TECHNICAL PROQRfiSS. ORGANIC SYNTHESIS 

a.   NTTRO OLRFINS 

1«   Introduction 

The radical-induced polymerization of vinyl monomers containing 
nitro groups provides a meana for preparing nitropolymnrs.    High-energy mon unorH 
containing an adequate number of nitro Kroupa are therefore of intercut.    Although 
previoun chaln-tranafor studies have eliminated from confederation the structures 
oontalning the trinitromethyl group, work on loaa active ohain-tranni'er types has 
been continued.    This report deals with the  synthesis of 3, 3-dinUrobutyl acrylnte, 
attempts to prepare N-2,2-dinltropropyl acrylwuido,  and with hydroxyethy1 acryl- 
Ifflldt* 

2»        Preparation of 3,3-Dinltrobutyl Acrylate 

a.       Discussion 

The synthesis of structural isomnri.0 monomers and their 
polymerisation will help to obtain information on mechanical properties and 
structure.    The synthesis of 2,2-dinltrobutyl acrylate haH been reports') earlier. 
This report deals with the preparation of 3,3-dinitrobutvl acrvlate.    The new 
compound was prepared by esterlfioation of 3,3-d1nitrobutanol with acrlic acid, 
ueinr the technique of aaeoiropic removal of 'vater.'HHf 

Aerojet Report No. 663 (23 December 1952), p. 61. 

'Aerojet Report No,  590, pp. 52-55. 

"Aerojet Report No. 663, p. 82, 
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b.   Experimental 

A three-necked flask provided with a Dean Stork water 
separator, thermometer, and stirrer was charged with 82 g 3,3-dinitrobutanol, 
>3.6 g glacial acrylic acid and 300 ml benaene.   One milllllter cone, eulfurio 
acid was added and the mixture was refluxed,    Within ten hours 10 ml of water 
was evolved.    After cooling, the (solution was washed with water,  5% sodium 
hydroxide, and water again.    The benzene solution was dried over sodium 
sulfate, filtered, and concentrated.    The remaining viscous oil (102 g) was 
distilled at Bh to y2°C at h microns, and twice redistilled at 78 to 80°C at 
2 microns to yield 82 g of faintly yellow 3,3-dlnitrobutyl aorylate, nJ5 1.U660. 

Anal. Calc«d for CjILJlgOgi    *0, 36.77j &, U.68j $f, 12.86 

Foundt    KG, 38.00j &, U.77j XN, 12.62 

3«        Attempted Preparation of N~(2I2-Dinit.ro-l-propyl) 
AcrylKralae* 

a.        Discuseion 

(l)      Numerous attempts to prepare N-(2,2-dinitro~ 
1-propyl)  acrylamide have thus far failed.    Since alkylations of amides with 
2,2-dinitro-l-propanol or condensations of hydroxymothyl amides with 1,1-dini- 
troethane do not proceed, recent efforts have been directed toward the 
preparation of 2,2-dlnitro-1-propylamine.*   Using the classical methods of 
organic chemistry, several obvious synthetic routes are available.    The Qabriel 
synthesis using 2,2-dlnitro-l-p-toluene8ulfonate and potassium phthalimide hag 
already been shown to be unsuccessful.    Another route is via the previously 
unknown 3,3-dlnltrobutyric acid.   This acid, by conventional means, through 
the acid chloride, aside, and isocyanate might be degraded to the desired arainst 

CH30(N02)2CH2C02H I Gh^CCNQg^GHgGOGl- 

CH3C(N02)j,CH2CON3 » CH^NOgJgChVNCO 

GH3(N02)20H2NH2»HX 

(2)      Attempts to prepare 3,3-dinitrobutyric acid by 
oxidation of 1,3,3-trlnitrobutane or 3,3-dlnitro-l-butylamine in aqueous 
sulfuric acid vrith potassium pnrman^anate were not suocesaful. 

Ibid., p. 66. 
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KMnOi 
GH3C(N02)2CH2CHs,N02—~-*M-> 

KMnOj   / 
0H3C (N02) 2CH2CH2NH2    *f    » 

CH.G(N02)2CH2C02H 

Only Btarting materials were recovered.    Neutral or Alkaline oxidation condi- 
tions cannot be used in view of the results of Shechter's studies on the 
oxidation of dinitroeyclohexftne.      However* oxidation of 3,3-dinitra-l-butanol 
with permanganate in aqueous sulfuric acid yielded a new acid, mp 88 to 89°C, 
which in undoubtedly the expected 3,3-dinitrobutyric acid.    The same acid was 
obtained from the oxidation of J>,5-dinitro-2-hexene, as shown in the second 
equations 

T °2 
CH3CCH2CH2OH 

fa 
f 2 ^    3N0 

UOCHgCOOH 

CH^CCHgCH-CH-CH^ 

NO, 

s 7 

The neutral equivalent and analysis are In agreement with the structure and a 
mixed melting point without depression confirmed the identity of the product 
in both preparations* 

(3)      On treatment with thionyl chloride followed by 
reduced-presHure distillation, the above-mentioned isolated acid yielded a 
somewhat unstable yellow oil, n^ • l.tj731* which is probably the expected 
acid chloride,  although the elemental analysis was poor.    The once-distilled 
acid chloride was treated with sodium azlde in acetic acid and the resulting 
mixture wns extracted with chloroform.    Decomposition of the aside in the 
chloroform took place,  as evidenced by the ©volution of nitrogen.    The 
chloroform solution was heated with aqueous hydrochloric acid and evaporated 
to dryness.    A small amount of crystalline material was iso    ied which proved 
to bo mainly ammonium chloride and not the expected dinitropropylamine hy- 
drochloride.    This reaction will be repeated with larger quantities of dinl- 
trobutyric acid,  and intermediates such as the iaocyanate will be Isolated. 

*Ohio State Report No. 6 (October 1951)» p. 10. 
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b.       Experimental 

(1)      Preparation of 3,3~Dinitro butyric Aold 

(a) Oxidation of 5»5-Dinitro-2-hex»ne 

A 500-ml three-necked flask fitted with 
mechanical stirrer and thermometer was charged with 200 ml of 25 wt# sulfurlo 
acid and C.6 g (0.5 mole) 5s5-dinitro-2~hexene.    At -10 to +1°C (lce-aalt bath) 
•odium permanganate trihydrata wac added in h.O-g portions.    The reaction was 
exothermic.    The next portion of pemanganate wae not added until the previous 
one had been consumed.    In the beginning each portion of permanganate required 
about 10 mlnuteo.    After 32 g (theory required 26 g) of permanganate was added, 
the purple color persisted for at least 1*5 minutes.    At 0 to 5 C, sodium 
bisulfite was added in small portions until all the manganese dioxide dissolved. 
The mixture was filtered and the precipitate was washed well with ether.    The 
combined filtrates were charged into a liquid-liquid extractor and tho aqueous 
phase was continuously extracted with ether for 65 hours.    The ether layer was 
separated, dried over Drierita, filtered,  and evaporated to dryneon*    The 
residue,  7.5 g oily crystals, wae taken up in 15 ml anhydrous chloroform.    On 
cooling,* colorless plates formed.    This WBB isolated by filtration and washed 
with cold chloroform to yield 3.1 g colorless plates, mp 86 to 88°C.    A second 
crop of 1,5 g ($2% total yield) was obtained by concentration and cooling of 
the filtrate.    A email sample recryetallifced from chloroform melted at 8fl to 
89°C.    Further recrvstalliaations did not raise the melting point and examina- 
tion of all filtrates failed to yield an.y other crystalline material.    A 
sample, mp 88 to 89°C, wa» submitted for elemental analysis^ 

Anal. Calc'd for OjM-O^i    %C, 26.97; 111, 3J*>j tfN, 15.73 

Found!    %G. 27.2U? %ti,  3.50j f», 1?.92 

(b) Oxidation of 3#3-Dinitro-l-butanol 

A one liter three-necked flask fitted with 
mechanical fitlrrer and thermometer was charged with 6,0 g (0.0367 mole)  crude 
3,3-dinltro-l-butanol and 350 ml of 2$% by weight eulfurio acid.    At about 
5 to 8°C, potassium permanganate was added in 2.0-g portions.    The next portion 
was not added until the previous one had been consumed.    When the last 2-g 
portion (10 g total added)  gave a purple color which persisted for more than 
one hour,  the excess permanganate and the precipitated manganese dioxide were 
destroyed by the portionwise addition of sodium bisulfite.    The colorless 
mixture wan extracted three times with ether.    The ether solution was washed 
with saturated sodium chloride solution, dried over Orierlte. and evaporated 
to dryness, leaving an oily crystalline realdue of h.2 g.    Continuoue liquid- 
liquid extraction of the aqueous phase with ether for four days yielded only 
0,3 i more oil.    The crude material was reorystalliged fmm chloroform and 
yielded 3.5 g (Sh% of theoretical), mp 08 to 89°C, in the form of colorless 
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glatee.   A »"ired melting point with the acid from 5,5«-dinitro-2-=hexeni (mp 86 to 
6°G)  as obtained under (1), was 86 to 88°C. 

Anal, Cslo'd for %^2
06l    ft, 26.97j *H, 3„U0j pi, 15.73 

Foundt    ft, 31.35| 5SH, 3.6Uj $ti, 15^09 

The disagreement in the carbon value is noteworthy.    However,  a neutral equiva- 
Isnt determined on the same material from which the sample for elemental 
analysis had been withdrawn gave the values 163, 1W2, as compared with the 
calculated value of 178. 

(2) Preparation of 3i3-Dlnitrobutyryl Chloride 

A SO-ml round-bottom flask was charged with 3.0 g 
(0.0168 mole) 3,3-dinitrobutyric acid and 6.0 ml thionyl chloride.    After 
standing overnight at room temperature, the crystalline acid had not dissolved.    On 
warming, the crystals dissolved instantly to form a light-green solution which 
on refluxlng soon turned brown*    After refluxin[> for one hour, the evolution of 
aulfur dioxide and hydrogen chloride practically caasod.    The solution was re- 
fluxed one half hour longer.    The excess thionyl chloride was removed at reduced 
pressure and the brown oil, 3.1 g, was distilled in a bulb tube in an air bath 
at 60 to 80°C and 1 to 2 mm piespure to yield 0.2 g yellow forerun, l.U g middle 
cut,  and 1,3 g dark-brown, non-distillable residue.    The middle cut was redis- 
tilled as before to yield Q.U g forerun and 0,6" g yellow middle cut, n2? 1.U731, 
a portion of which was submitted for elemental analysis. D 

Anal. Calc'd for C^hVNgO^Clt    XC, 2u.Uuj5*H, 2.56$ %K, lU.26j ftl, 18.Ob 

Foundi    ft, 2h.82| *,H,  3.80j %U, 12.31* ftl, 19.16 

(3) Attempted Degradation via Azsldo and Isooyanate 

(a) A 200-ml three-necked flask fitted with 
stirrer,  thermometer,  and ice bath, was charged with 5,2 g once-distilled 
3,3-dinitrobutyryl ohloride, nfp 1.U730,  Mid 25 ml fjlacial acetic acid.    A 
slurry of 5 g (approx. threefold excess) sodium azide In 30 ml acetic acid was 
added rapidly.    The temperature rose to 21°C.    The mixture was stirred for 2 
lir at IS to 20°C,    After dilution with 80 ml water,  the mixture was extracted 
three times with chloroform.    The combined chloroform extract, about 100 ml, 
was washed twloe with water, dried over Drierito a half hour, and filtered. 
About a third of the volume was distilled to complete the drying.    The residue 
wft«i r*fluxed 9.'5 hr.    Nitrogen gas was evolved rapidly in tho beginning. 

(b) The brown solution was divided into two 
equal parts,    One was evaporated to dryneas, yielding 1.0 g brown viscous oil 
which could not bo crystallized.    The other wan rofluxed 3.5 hr with 20 ml 
cone, hydrochloric acid.    The layers were separated.    The chloroform layer was 

Page 58 

CONFIDENTIAL 



CONFIDENTIAL 

V Technical Progress, A (cont.) import No. 686 

washed with dilute hydrochloric acid and the combined acid solutions were 
evaporated to dryness.    This left a small amount of oily3 semi-crystalline 
material.    The mass saa taken up with 2 ml ethanol and precipitated with 2 ml 
acetone and 1 mi ethyl acetate to yield about UO mg gray crystals, mp 2k) to 
250 C dee.    A sample was aubliasd at 1 mm from an oil bath at 150 to 1?0°C to 
yield colorless crystals. 

Anal. Calo'd for CjHgNgCMJli    3£C, 19.3i *H, U.3j Pi, 22.5 

Found!    *C, 1.25j &?, 7.321 ftl, 2U.38 

Calc'd for NHLOII    %Q, 0,0J ^H, 7.5i *N, 26.2 

U.       Attempted Preparation of Poly-N-nitro-N-(nltratO" 
ethyl)-ocrylamlde 

a.       Discussion 

Attempts to prepare poly-N-nltro-N-(nitratomethyl)-        ^ 
acrylnmide (calculated Igp *  229 lbf~sec/ltm)  have not been successful to date. 
Several small-scale attempts to polymerize hydroxymethyl acrylamide have 
yielded only insoluble crosn-linked polymers.    This night be expected from the 
structure of the monomer, and is in agreement with similar results recently 
reported by Purdue University.    This difficulty may possibly be avoided by 
going   to the next higher homolo^ue, hydroxyethyl acrylamide* which is much 
less likely to cross-link during polymerisation*   A recent American patent, 
U.3.P. 2,593,888, April 22, 1952, reported the preparation of this monomer from 
acrylyl chloride and monoraethanpl amlna in acetonltrilet 

OH,ON 
CIIp-CHCOCl + 2NH2CH2CH20H *—» CHg-CHCONUCHgCHgOH + HQCHgCh^NH^Cl 

The postnitratad polymer, poly-N-nitro~N(2-nitratoethyl)-acrylamide, has a 
calculated upecific impulse of 209 lbf-soc/lhnu    Two attempts to duplicate the 
patent example for the preparation of hydroxyethyl aerylamirio have resulted 
only in the isolation of polvmer.    This polymer, 

H N0„ 

*C-N»CH2CH20H      mQ ^C-N-CHpCHgONOg 

(-CH2-C-)X . — —*—»t (-CH2-GH-)x ~ 

' H 

Aerojet Report No. 663, p. 69. 
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probably polyftydroxyethyl acrylamlde, waa isolated and purified.    It waa 
nitrated in 100$ nitric ecid.    The resultant polymer gave a heat of combustion 
corresponding to the Introduction of only alighlly more than one nitro group 
par polymer unit instead of the desired two.    Further nitration attempts will 
be made* 

b.        Experimental 

(1) A solution of 1)5 g (0,5 mole)  acrylyl chloride in 
to 1.0. acetonitrile was added with good stirring at $ to 10°C over about 2 hr to 
a solution of 6l g (1,0 mole) redistilled ethanolamine in 80 g acetonitrile con- 
taining 0,3 g hydroquinone and a trace of trinitrobenaene.    The mixture was left 
overnight at 5°C.    The mixture was filtered and the solid was washed with 
acetonitrile.   After addition of 1,2 g more hydroqujUtune, the combined filtrates, 
constituting a two-phase system, were evaporated at 1.2 mm on a warm water bath. 
The residue, a very viscous oil, suddenly began to get very hot.    It was cooled 
with dry ice.    The resultant material was a tacky glass at room temperature. 
The glass was dissolved with methanol and precipitated with acetone three times, 
using a Waring Blendor, and was then dried in vacuo.    The yield cf polymer was 
19 p of a tan»colored, hygroscopic solid,  soTubTJTTn water. 

(2) A 100-ml three-necked flask fitted with ther- 
mometer and atirrer waa charged with 30 ml tech. 10QJJ nitric acid.    At 0 to $°C, 
h.G g po]yhydroxyethyl acrylaraide was added portlonwiae over about 20 minutes. 
The material diasolvgd slowly to five a yellow, viscous solutions    After a total 
of U5 minutes, the solution waa poured onto ice.    The gummy solid was dissolved 
with acetone, precipitated with water,  and dried.    It was then dissolved with 
acetone and precipitated with water twice more, and thoroughly dried in vacuo. 
The yield was 3.5 g yellow powder, I.S. • 50 cm/2 kg, softening point"$!Wd©c. 
Heat of combuatlom    Calofd, 3lUl cal/gj  found,  39uQ cal/g.    Cale'd for one 
nitro group per units    1&9Q cal/g, 

B.   NITRO ALCOHOLS 

1*       lntreducy.on 

Nitro diols are Important starting materials for the prepara- 
tion of ^olyurethanes and polyenters.    The purity of such diols is a critical 
factor in obtaining high-molacular-woight polymers.    The preaent report deals 
with the continuous efforts to obtain nitro diols of highest purity, 

2,       Purification of 2-Nltro-2-methyl-lI3-propanedlol 

a.        Discussion 

(1)      Purification of 2~nitro~2-methyl~l,3-propanediol 
via its ioopropylidene derivative has boon reported.*   The 1sopropylidene 

Aerojet Report No, 638, p(, 80. 
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derivative was prepared by treating the diol with acetone in benaene with an 
acid catalyst and with external removal of the water.    Thia required about 2 
full days reaction time.    A new and much more rapid method with equally good 
yields h&a boen developed.    Thia is essentially the same as that reported for 
the preparation of the isopropylidene derivative of 2,2~dlnitro-l,>propane- 
diol.*   When one mole boron trifluoride otherate is added to one mole of 
iJ-nitro-*2-m©thyl-l|3-propanediol in 3 raolee acetone, and \vithin five to ten 
minutes the resulting mixture is poured into water, ice.  and excess sodium 
bicarbonate, a JQ% yield of the expected product, 2,2,5-trimsthyl-5-nitre-' 
1,3-dioxane, is obtained.    Thia procedure has been applied on a large scale. 
The racrystalliasations of the technical product yielded a material with 0.19 
mole percent impurity. 

(2)      When the above dioxane derivative is hydrolyxed 
with dilute aqueous hydrochloric acid, the product, 2-nitro-2-methyl-i,3-pro- 
panediol, is isolated by evaporation to dryneas.    This material, when con- 
veniently reorystallized from ethylene dichloride, still gives a positive test 
for chloride ion, thus indicating the presence of undesirable hydrochloric 
acid.    The hydrochloric acid is not removed by repeated reerystallizatlons 
from ethylene dichloride but only by a relatively tedious recrystaHiaation 
from ether or from mixed advents suoh as benzene-ethanol.    This problem has 
been relieved by replacing the hydrochloric acid in the hydrolysis mixture with 
an equivalent amount of trifluoroacetic acid.    This material readily distills 
with water and trrocs of It are readily removed from the product by recrystal- 
liaation from ethylene dichloride. 

b.       Experimental - Preparation of 2,2,£>-Trimethyl-5>-nitro- 
1,3-dioxane 

A §00 ml flask was charged with 60 g (0.5 mole) tech. 
2-niti,o-2-r,iethyl-l,3-propanediol and 75 ml acetone.    Rixtv-five ml (0.5   mole) 
tech. boron trifluoride et lerate wan added.    Hunt was evolved,  and a homo- 
geneous Bolutlon was formed.    After 10 minutes, this solution was poured with 
good stirring into a mixture of 500 ml of saturated sodium bicarbonate solution 
and ice.    The product waa collected by filtration, washed well with cold water, 
and dried.    The yield was 6l g (70$ of theoretical), mp 83 to 8J4°C, completely 
soluble in warm hexane. 

3.        Preparation of 2,2~Dliaethyl-5-hydroxyroethyl"»,lr'nltro- 
1*13-dioxane 

a*   Diacunslon 

The isopropylidene derivative of nlb-; lycerol, 
2,2-dlmethyl-5-hydroxymethyi-5-nitro-l,3-dioxane, is a valuablo intermediate 

Aerojet Report No. 663, p.   13, 

Page 61 

CONFIDENTIAL 



. 

CON FIDE M Tl AL 

V Technical Progress, B (cont.) Report Noe 686 

desired for the    urlficatJon of nib-glycerol, the preparation of 2,2-dinitro- 
1,3-propanediol, and the preparation of various amino derivatives via the 
Mannioh reaction,    ita preparation, an previously reported,* required a tedious 
filtration from finely divided calcium sulfate t>nd gave about a $0% yield. 
Applying the method used for the loopropylidene derivatives of 2,2-dlnitro- 
l*3-propan©diol and 2-nitro-2-wethyl-l,3-propanediol, one mole of nib-glycerol 
and one mole of boron trifluoride etherute in three niolas acetone guvts in a 
few minutes a 7056 yield of the desired product. 

b. Experimental - Preparation of 2,2-Dimethyl-$-hydroxy- 
met hyi-5~nitro-l, 3-dioxtxne 

A one-liter flask was eharged with 1J>1 g (1 mole) of 
tech. tris-hydroxymethyl nitromethane and 220 ml (3 mole)  acetone.    The mixture 
was heaXeH on a steam bath until all the nib-glycerol had dissolved,  and was 
then oooled to 15 to 20°C.    The nib-glycerol crystallized in fine needles* 
Boron trifluoride etherate (130 ml, 1 mole) was added with stirring.    The tem- 
perature rose to 55°C and crystals of product began to appear.    After $ 
minutes, the mixture was poured as rapidly as possible into a atirred mixture 
of 1100 ml saturated sodium bicarbonate solution and ice.    After stirring for 
15 minutes the product was collected by filtration, washed well with cold 
water, and dried in vacuo.    The yield was 137 g {'12% of theoretical), mp 130 
to 132°C.    It was cream-colored and swelled slightly of mesltyl oxide.    Two 
larger runs (7 moles each) gave a 6£jJ yield. 

\im       Preparation of g,2-Dlnltre-ly3-propanediol 

a.   Discussion 

(1)      It has previously been shown thnt for highest 
purity, 2,2-dlnitro-l,3-propanedlol must be purified via its isopropylidene 
derivative, 2,2-diJnethyl-5,£~dtnitro-l,3~dioxane.#*   This can be prepared 
from crude dinitropropanediol and acetone or by deformylatlon and oxidutive 
nitration of 2,2-dimethyl-5-hydroxymethyl-!j-nitro-l,3-dioxane. 

NO^  ^H20H 

GHg      CH J*PiL> 

v 
(CH3)2 

Aerojet Report. No. 622, p. 66, 
** 
Aerojet Report No« 663, p. 71. 
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(0H3)a 

NO 
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If this letter reaction, producing the desired acetone derivative, can be 
adapted directly to large scale, i.e., pilot-plant acale, it would be the 
preferred route.   When a reaction ouch as this in expanded for larger scale 
a factor other than the yield of product assumes a greater Importance, namely 
silver reoovery.    Thus, a method giving the highest yield of product with 
least manipulation of the silver precipitate ia the best.   With this in mind, 
several aopects of this method of preparation of dinitropropanadiol have been 
investigated. 

(2)      It was previously shown that the addition of 
amuonia to the reaction mixture during the doformylation stage increased the 
yield from about 60 to 70#.*   The pro umed function of tiie ammonia was to tie 
up formaldehyde as hexamethylene tetraraine, to make the deformylation ir- 
reversible.    In one case in whioh the pH did not remain 11.0 or higher (see 
experimental section) a small amount of hoxano-insoluble material melting at 
1B2 to 18U°C was isolated,    This material analyzed well for the bis ammonia 
Mannich reaction productt 

f 
N02V

CH2-N-CH^/°2 

K >2 K >2 
v    v 

(CH3)2 (CK3)2 

Since all subsequent procedures have avoided the particular conditions causing 
the formation of this impurity, no further difficulties along those lines are 
expected, 

(3)  Several runs on a one-mole scale have consistently 
yivon between ?0 and 80^! yields of crude product, using a mothanol extraction 
Lo isolate the product. This yield i& probablv about maximum for this two- 
step reaction, and the principal problems remaining are those pertaining to 
the beat isolation of product with least manipulation of silver. One dif- 
ficulty which was readily overcome was that when the oxidative nitration was 
carried out in the usual way at 15 to 20°C, the silver precipitated in a vory 
finely divided form, making the fiitritions during the mothanol extractions 
difficult. When the reaction temperature was raised to US  to 50°G, the silver 
formed a coarse precipitate without the yield boing adversely affected, 

(U)  The use of inethanollc extraction of the product 
to separate ifc from precipitated silvor requires eeveral additional flltrations 

Mi 
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or decahtatlons from the ailver.    Theae manipulations are quite eoatly in terraa 
of Mechanical loan of silver.   A method of separation which la probably the 
euparior one la that in which benzene waa added to the oxidative nitration 
reaction mixture after the oxidation.   After vigorous stirring, this waa 
filtered, and the product was isolated by steam distillation of the aeparated 
henaene layer.    The product la extremely soluble in warm benzene and thus 
repeated extractions were not neoeaaary.    Second, only one filtration or 
manipulation of the ailver was required.   A yield of 6858 of steam-distilled 
material was obtained. 

b.       Experimental 

(1)     A two-liter threo-necked flaek fitted with 
atirrer and thermometer waa charged with 191 g (1.0 mole) 2,2-dimethyl- 
5-hvdroxymethyl-5-nitro-l,3-dioxane and kX) ml water.    With good stirring, 
58 ml (1.1 mole) $0% sodium hydroxide aolutlon waa dropped lr over about a 
half hour.   Wlien half the aodiura hydroxide was added, the pH waa 11.9.    When 
all was in the pH waa 11,8 and conaiderable material remained undiaaolved. 
Over about a half hour, uU.5 ml (0.667 mole)  cone,  ammonium hydroxide solu- 
tion was dropped into the reaction mixture.    Most of the remaining solid 
diaaolved.    The pH remained at 11.0.    The mixture waa warmed to 38°C for a 
half hour, at which time all waa in solution except a small amount of brown 
gum.    A aolutlon of 75 g (1.0 mole) tech. sodium nitrite in 200 ml water was 
added and the mixture waa filtered through glass wool.   Water * 200 ml, waa 
added and the aolutlon waa warmed to U2°C.   With good stirring thle was 
added aa rrpidly aa possible to a aolutlon of 3li0 g (2e0 mole)  silver nitrate 
in 2.0 litera water at U3°C.    The temperature roae to Jjl^ and a gray-black 
preoipltata formed alraoat instantly.    The ilxture waa stirred at uO°C for a 
half hour, cooled to room temperature, and filtered.    The pH of the filtrate 
waa 5.7.   After it had been atirred for a half hour, 700 ml benzene waa added 
and the mixture waa atirred 20 minutes longer at bo to Ul°C.    The mixture waa 
filtered, and the ailver waa washed with additional benzene.    The benzene 
layer was separated, concentrated,  and tl»en steam distilled.    Benzene dis- 
tilled firat, followed by the product, which waa collected and dried.    The 
yield waa lUo g (60%) colorless material, mp 5k to $$°C, 

(2)      Isolation of Ammonia Derivative 

A deformylation was run In a similar manner to 
the above, except that 2.0 moles of aodium hydroxide lnatead of 1.1 mole was 
added.    After the ammonia waa added and the mixture wna atirred US minutea, 
1.0mdl«ef 6N nitric acid waa added alewly with cooling,    A semi-gal at inoue 
precipitate formed.   After the oxidative nitration the product waa iaolated 
by methanolic extraction.    On attempting to purify the product by recryatal- 
llzation from hexane, a hexane-lnaoluble portion waa iaolated in a yield of 
3#.    Thia consioted of colorleao platea, mp 182 to l8li°C.    After it was re~ 
crystalllsed from methanol, then nitromethane, then raethanol-dioxane, it waa 
Bubmittod for analyalaj the mp was 102 to 18U°C. 

Anal. Calc'c' for C^H^i-jOgi    fc, b6,27j #H, 6.9U| #N, 11.56 

Foundi    /£, U6.0U|  *H, 6.79; $N, 12.26 
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5*       Attempted Preparation of 2~N;Ur^ 
X^-propanedi'ol"" "~ 

a*   Discussion 

(1)      It has recently been reported that 2,2-dlmetIiyl- 
5-nitro-S-hydroxymethyl--l,3'-clioxane can react in a Mannieh reaction to vield 
the corresponding $-Gninoraethyl derivativesi 

NO^ ^jGHgOH NOj,      CHJJNWR 

CHg      GH2      • RNHg- ~? CH0      0Ho R - H, Me, phenyl r 
0 0 

V 

If the compound, where R * methyl, 2»2-dimethyl~5-nitro»5-metliylamineraethyl-' 
1,3-dloxane, can be nitrated and subsequently hydrolyzed to the diol, a new 
and valuable nltromonomer for condensation polymerization would result. 

! r« 
tm2   XH 2 ~—^ f H/    CH, —^ <j»i/    CH2OH 

0 A H-NO, 

CH,      CH. OH,      CH, 3 

3 3 3 3 

Obviouslyi  if this synthesis is practical, numerous othor useful monomers 
can be made usin^ ethylene diamine, or ammonia, combining the synthesis with 
oxidative nitration steps. 

(2)      The abstract of the above-noted reference gives 
no experimental details.    A photostat of the original article has boon re- 
quested.    In the meantime attempts havo been made to prepare the desired 
methylamino derivative.    Tx'eatment of the hyr'roxyraethyt compound with excess 
methyl ammonium acetate in concentrated aqueous solution at room temperature 
gave, only starting material.    At the boiling point,,  an oil soon separated, 
from which two compounds, mp 111 to 112°C and mp 2U3 to 2UJ>°C dec. were iso- 
lated.    An elemental analysis of the compound iieltinj' at 111 to 112°C was in 
agreement with that of N,N-blB(l-nitro-U,)4-dimethyl-3,5""dioxa-cyclohexyl- 
methyl) methylamines 

S. Malinowski and T. Urbanskl, Rocgnikl Ciiem.  2£, 103-212 (l?5l)j 
C.A. b6, 7993 (1952)* "~     ~ 
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?H3 
NO^CHg-N^H^NOg 

^2      ?H2  ?< >• f2 
0.0    0    0 

V 
(CH3)2 

V 

The reported melting point for the dealred methylamlno compound la 1£>3°C{  for 
ita nltroso derlvptlve, the snp la 111 to 112°C«    The elemental analyaia for 
the material melting at 2U3 to 2U5°C did not agree with that of any atructure 
which could be reaaonably postulated. 

(3)      The daaired methyiamlno derivative was iaolatod 
when a solution of ?,?-di;aethyl-5-nltro-5-hydroxymethyl~l,3-dioxano in aqueous 
methylamlno was neutrnliaed with acotic acid.    Recryatallization from methanol 
gavo a 35$ yield of a material melting at 153 to 155°C.    Its structure was 
confirmed by conversion to a nitroao derivative, mp 110 to 111°C.    One attempt 
to nitrate this material yielded only wator-aoluble products.    Other attempts 
will bo mac'e. 

b.        Experimental 

(1) Preparation of 2,2~Dimethyl-!v-nitrQ-5~raet'kyl- 
ominomethyl-1,3-dloxan© 

A solution of 10 g (O.QS mole) of 2,2-dimethyl- 
S-nitro-5" ydroxymothyl-'l,3-dioxi'ne in 36 ml L|0!S aqueous methylamine was 
warmed to LiQ°C, cooled, and with cooling, neutralised with 2$ ml glacial 
acetic acid.    A finely divided precipitate formed*    After dilution with 
water the product wan iisolated by filtration nnd recryatullivsed from boiling 
methanol.    The yield wan  3.5 g  (3$$ of theoretical)  of colorless plates, 
mp 153 to l££°C.    Molinowsky and Urbanaki reported a melting point of 153°C 

(2) Preparation of 2,2-Dimothyl-I)-nitro-.$-methyl- 
nitrosoaminomttl >yl~l, 3-f'ioxane 

A solution of j.O g (0*013' mole) of 2,2~di- 
methyl-!>-nltro-5-metliylninLnoniotliyl-l,3-diox.ane in  13 ml p;laoial  acetic acid 
was atirrod with l.li g (0.02 mole)  sodium nitrite at room temperature for 
one hour.    On dilution with ice water, a eolorleaf, precipitate formed, which 
wan filtered, washed with water,  and recrvBtallized from methanol, yielding 
2.8 g (H0#) of colorieMn needles, mp 111 to 112°C.    Mulinoweky and Urbanskl 
reported a meltinp point of 111 to 112°C. 
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(3)     Preparation of N,N~bla(1-Nltro-U,U-rtlmethyl- 
3i£-dioxaoyolohexylm« 
Unknown Material, mp 
3,5-dioxaoyolohexylmef,hyl) Methylandne and 

lknown Material, mp 2)43 to 2l6°G 

(a) A 500-ml tliree-neokeri flask fitted with 
mechanical atirrer and condeneer waa charged with 110 ml of LiQjS aqueous 
methylamina (1.2 mole).    Water (150 ml) was added and, with cooling, glacial 
acetio acid was added until the pH reached 7 to 8,    This required 73 ml acetic 
acid.    To this eolution was then added U6 g (0.2U mole) 2,2-dlmethyl-S-nltro~ 
5""hydroxviaethyl-l,3-dioxane,  and the iiiljcture raj heated to boiling and re- 
fluxed for one hour.    The mi:;tture became homogeneous before boiling started, 
and a few minutes later an oil be^an to separate.    On cooling to about 50°C, 
the oil crystallised.    The warm mixture waa filtered and the solid was washed 
with water.    The moiat solid waa warmed with 1#Q ml mabhanol which dissolved 
most of It.    To the mixture was added Uo t?l water and after heating again the 
solution was filtered]  the solid was saved.    The filtrate on cooling de- 
posited needles which were Isolated by filtration and recryatalllned from 
90«10 methanol-water to yield 19 g colorless needles, mp 111 to 112°C.    Two 
more recryetallisiations from methanol did not raise the melting point. 

Anal. Galo'd for C^H^N-Ogi    f,C, u7.7Uf #H, 7.21j %K, U.13 

Foundi    #G, U8.21j *H,  7.3^| %», 11.21 

(b) The material in the above preparation whieh 
had been insoluble in aqueous methanol waa recryatnllland from nitromethane to 
yield 2.2 &    colorless platea, mp 2U3 to 2U5°C dec.    Two more reeryatalliza- 
tions from nitromethane did not raise the melting point. 

Anal. Foundi    %Q, U3.98; #h\ 6.21|  *N, 9.83 

C.        NITRO OAHBOTOIC ACIDS 

1.        Introduction 

Nitro dicarboxyllc acids are important intermediates for the 
preparation of diisocyanatea and starting materials for the preparation of 
j'olynnters.    Thin report describes the prepsratlon of a new dicarboxyllc acid 
contrtning a urea linkage. 

?. Preparation of Dimethyl t^h,I2,l2~Tetranltro~7y?-dlaza- 
3-ke'€o'~'l tl'ff -pent jjjje c nnedlo"ate 

a.        Discussion 

The physical properties of condensation and addition- 
type polymers depend on the struct re of the storting monomers.    Several types 
of nitrodicarboxyllc acids containing (/era dinltro groups, nitramino groups, 
or both of those, have been prepared.    This report deals with the preparation 
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of a nitrodicarboxylio aoid containing a urea group.    The new compound, di- 
methyl U,U,12,12-tetranitro-7,9-diafca~8-keto-l,15H}sntadeoanedieate, has bean 
prepared by the reaction of U,u~dinitro~6~aarbornethoxyhexyl isocyanate with 
water, according to the equation! 

I 
2CH-00CCHoCH„CCH,GHoN-C0 + Ho0 

NV2 

fa fa 
tGCH.,GH^C0H„(m^NI!~C-NHCHoCHrtCCH, GK^00CCH.iGHoCGHoGHoNH~C-NHCHoCHoGCH„CH^C00CH, + GO. 

3 2    2i    2    2 2    2 j    2    2 3 2 
N02 0 N02 

It is planned to convert the new eator via the aside into the corresponding 
dilsoeyanate, 

b.   Experimental 

A round-bottoin flaak was charged with 60 g 6-carbo- 
methoxy-U,U-dinitrohexyl Isocyanate and a mixture of lflO ml acntone and 60 ml 
water was added*    The mixture wormed up immediately and was refluxed until 
the crystals precipitated.    Upon cooling the whole mass solidified.    The 
crystals were collected on a Buchner funnel, washed with water, and 60 g was 
recrvstalliaed from acetone-water.   A small amount was recrvstallized from 
othylene dichloride for analysisj the mp was 159 to l6o°G» 

Anal. Calo'd for ^H^NgO^j    **, 36*29* **» l4*87* *N» l6.93f OCHj 12.51 

Found*    *C,  36,7l|  ,fo, U.92> $i\t l7.36j OGHy 12.12 

3.        Preparation of U,7.10~Trinitro-u.7.10-trlazB-1.13--tri- 
y A.iWil |l» WMhMI'||MfMI'l>|-4'l    ••'    l« IIIIHI ll»H I  —iH ••HiM.il—JbwI    'I   Mir Ill IIW I I I ••! Ml •     • ••   I     ll    .1*111       Ml Mill 

aecnneaioyl  Chloride 

a.        Discussion 

The previous report described the preparation of 
i»,7,lQ-trinitro-U,7,10-triaRa-l,13-trideeanedioic acid.*   The preparation of 
larger quantities of this acid and work on the subsequent intermediates in 
the proposed synthesis of 3,6,9-trinitro~3#6,9-triaza-l,ll-undeeana 
diiaocyanate have been hindered by the low yields encountered in the prepa- 
ration of u,7,10-trinitro-U,7,10-triassa-l,13-tridecan« dlnitrlle (see 
„—......... .„ .,, —^_ 
Aerojet Report No. 663, p.  77. 
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Section VfE,!), However, a single attempt has been made on a small scale to 
convert the acid to the corresponding acid chloride. The acid chloride has 
been obtained only in an impure state, 

bt   Experimental 

A mixture of lU,° g (0.03? mole)  h,7,10-trlnitro- 
U,7,10-triasa-l,13~trideeanedioic acid, 2$ g (0.12 mole) phosphorous penta- 
chloride, and 36 ml phosphorous oxychlorlde was warmed on the steam bath. 
Because there was no apparent solution of the acid after a brief heating 
period, an additional 62 ml phosphorous oxychlorlde was added,  and heating 
was continued at gentle reflux temperature for a period of four hours.    The 
product crystallised from solution as the latter oooled to room temperature. 
The acid chloride was collected by filtration and washed successively with 
dry carbon tetrachloride and absolute etherf the mp was 9£ to 120°C,    The 
product was recrystallized twice from 175 to 20O-ml portions of hot, dry, 
ethylene dichloride to yield 8.Y g, mp 96 to 10U°C. 

D.   NITRO iaOCYAMATES 

!•   Introduction 

Nitro isocyanates have been shown to be versatile starting 
materials for the preparation of polyurethanaa and polyureas.    They also 
serve as intermediates for the preparation of compounds containing functional 
groups.    The present report describes an alternate procedure for the prepara- 
tion of 3#3-dinitro-l,J>-pontane diioocyanate In which the isolation of the 
hazardous azide is avoided.    The isolation of 6-carbomethoxy-U,U-dinitrohexyl 
isocyanate is also reported. 

2S        Preparation of 3f 3~ninitro~lt5--p«ntana Dilsoeyanata 

a.   Discussion 

The prenent method for the laboratory preparation of 
3,3-dinitro-i,5-pentane dlisoeyanate Involves the conversion of h.U-dlnltro- 
l,7«heptanedioyl chloride to the diiROuyanato via the diazide.*   The use of 
this method on a large scale produces serious safety hazards becauee of the 
danger involved in the handling of the solid dlnitrohoptnnedloyl azide.    A 
method has been devised which eliminates this hazard without sacrificing yield 
or quality of product.    The method involves a heterogeneous reaction involving 
the addition of a chloroform solution of h,li-dinitro-l,7-heptanedioyl chloride 
to an aquecua solution of sodium aside.    The h,l»-dlnitro-l ,7~h«ptanedloyl azide 
is never present in the solid state but remains in the chloroform layer.    The 
chloroform layer is separated, washed with water,  and dried over sodium sul- 
fate.    The decomposition of the diazide and the isolation and purification of 

Aerojet Report No.  1*68, Appendix B, p. 1* 
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the 3»3-dinitro-l,5-pentane diisooyanaie are then carried out in the established 
manner.    It is quite probable that similar heterogeneous reactions can be ap- 
plied to the preparation of other isocyanates. 

b.        Experimental 

A solution of 28.7 g (0.1 mole)  )4,h-dinitro~l,7~heptane- 
dioyl chloride In 150 ml dry, alcohol-froe chloroform was added in a fine stream 
to a solution of 19.5 g (0.3 mole) sodium aside in 50 ml water during a 5-min 
period, at 0 to 5°C.    Stirring was continued for two hours at 0 to 5°C.    The 
aqueous phase was separated, washed twice with 7$-ml portions of chloroform, and 
washed a third time with 2$ ml chloroform.    These chloroform washes and the 
chloroform layer from the reaction mixture were combined, washed twice with 
100 ml of water,  and then dried over Uo u anhydrous sodium sulfate with stirring 
during a IJj-min period.    The drying agent was removed by filtration and washed 
with dry chloroform.    A portion of the chloroform was distilled from tho com- 
bined filtrates under diminished pressure to ensure complete removal of the 
water.    The diazide was decomposed by warming the chloroform solution on the 
steam bath.    In this latter process, the temperature was maintained sufficiently 
high to cause the oontinuod distillation of tho chloroform.    The solution was 
distilled to near dryness.    On chilling the rustdue, the crystalline diiso- 
cyanate precipitated.    The mixture w«4 diluted with absolute ether,  and the 
product was separated by filtration and washed with a small amount of absolute 
ether.    The diisocyanate won redissolved in absolute ether at 30 to 35°C.    The 
product recrystallized on chilling this solution.    The material was separated 
rapidly by filtration, washed with a small amount of abnoluto ether,  and trans- 
ferred to a vacuum desiccator over phosphorous pentoxide.    When the product 
was thoroughly dried, an analysis was run which showed a purity of 9o.U$.    The 
3,3-dinitro-l,5-pantane diisocyanate weighed l$,$ g, corresponding to 63.5jt 
of the theoretical. 

3»        Preparation of 6-Carbomethoxy-Utb-dinitrohexyl lapcyanate 

a.        Discussion 

Isocyanates containing, functional groups are valuable 
intermediates for the preparation of multifunctional compounds.    For example, 
monoisocyanatus react with water giving ureae, thus doubling the molecule and 
forming a bifunctional compound.    6-Carbomethoxy-b,li-dinltrohexanoic acid- 
was converted into the 6"carboraethoxy~U#h-dlnitrohexyl  isocyannta  according to 
the following ersrios of equationsi 

Aerojet Report No. 622, p. bO, 
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ft 
CH3OOCCH2CK2OCH2CH2COOH 

N02 

NO, 

•* CH3OOCGH2CH2CCH2CH2COCl 

N0„ 

ft 
CH >5CX)CCh\,CH,,CCK,,Ch\,CGN. 

N0ft 

J>CH,00CCHoCHoCCH^CH5N-C0 

N0„ 

The new isocytnate has already been converted Into a dicarboxylic acid and 
will be used for the preparation of compounds suitable for the nitro} olymer 
program and the coating of RDX. 

b.        Experimental 

A round-bottom flask provided with a roflux condenser 
was charged with $00 ml thlonyl chloride and 100 g 6-carbomethoxy-U,u-dinitro- 
haxanolc acid.    The mixture was refluxod for 3 hr.    The excess of the thionyl 
chloride was then removed in vacuum.    Tho yellow residue was dissolved in 
100 ml acetone,  and the acetone solution was dropped into a solution of $0 g 
sodium azide in 350 ml wator with 'tirring*    The addition took 15 mlnutee. 
The cloudy mixture was then stirred for 1*5 minutes at 20°C.    The aside was 
extracted twice with 500 ml chloroform, and the chloroform solution WSH washed 
with water, 5% aqueous sodium bicarbonate, $% aqueous sodium bisulfite,  and 
water again.    The solution was then dried over sodium sulfate and filtered. 
The oolutlon of the aside was heated until decomposition started and refluxod 
for 60 minuteJ, and tha chloroform was removed, leaving 60 g of 6-oarbomethoxy- 
u,l4-dinitrohexyl isocyanate.    A small amount was distilled ut 1 micron and 
lUo to 150°C airbath temperature, nfi • l.u793. 

ft* 

Anal. Calc'd for OgH-.N^i    ^C, 36.78| !*H, u.25j #N, 16.09 

Foundt    fa, 3?.37; #H, u.58j *N, 16.U6 

E. INTERiMDIATES 

1.        Attempted Preparation of u,7,10-Trinitro--h,7,lQ'-tria;aa- 
1,13-trldecane Dlnitrlle 

a. Discussion 

Tho ho synthesis of 3,6,9-trlnitro-3,6,9-triaza-l,ll-un- 
decane diiaocyanate waa proposed in the previous report.*   Experimentally, the 
aynthesla waa carried aa far as the preparation of u,7,10-trinitro-U,7»10~ 
triaza-l,13-tridecanedioic acidt 

Aerojet Report No. 663, p.  75. 
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HNfGHgCHjNH,,), + ZOHg-CHCN-—-~> HNfCHjCI^NHOHgCI^CN}^— -> 

f 2         ft f 2 f 2 
NfCHgCKgNCHgCH^N)g — * NfCHgC^NCHgCHgCOgH) g 

During the period covered by this report, efforts were made to Improve the 
method of preparing U,7,10»trinitn>-t,7,10-trias&a--l,13-tridecane dinitrile. 
Attempted nitretions of the tria-nltrlc acid salt of U,7,10-tria*»-l,l>-trl- 
decane dinitrile were made using anhydrous nitric acid-boron trifluoride, 
anhydrous nitric acid-boron trifluoride-chleride ion, and anhydrous nitric 
acid-boron trifluoride-chloride ion-acetic anhydride mixtures.    Only the ni- 
trating mixture containing acetic anhydride gave the desired U,7,10-trinitro- 
u,7,10-triaaa-l,13-trideoane dinitrile, but tha yield was very low.    The 
product was contaminated with a nitroso compound which gave an analysis in- 
dicating a,10~dlnitro~7-nitroso-l4,7,10-triasa-l,13"tridecane dinitrile or 
li,7-dinltro-10-nitroso-U,7,10~triaza-l,i3-tridecane dinitrile as possible 
structures.    On hydrolysis of the mixture of nitrated products the U,7,10~tri~ 
nitro-U,7,10-triaza-l,13-trideeanediolc acid was the sols product isolated. 
However, the overall yield of the acid from the tris-nitric acid gait of 
li,7,10-triaaa-l,13-tridecane dinitrile was only iff of the theoretical. 

b.        Experimental 

Following the addition of J>,5 ml boron trifluoride 
td lit ml anhydrous nitric acid at 0 to 5°C, the cold solution was added drop- 
wise with vigorous stirring to a mixture of 27 g of the tris-nitrlo acid salt 
of u,7,10-trLaaa-l,13-tridecane dinitrile, 97 ml acetic anhydride, and 5.6 ml 
acetyl chloride at 20°C during a 10-min period.    The mixture was stirred at 
20°C for one hour, chilled to 0°C, and poured into an ioe and water mixture. 
The precipitate was collected by filtration, washed successively with cold 
water, mathanol, and abeolute ether, and air-dried.    The crude product weighed 
15.7 g and malted at 8$ to 120°G,    The material was recrystalllaed from 200 ml 
acetone yielding Crop I (5.7 g, mp 126 to 137°C) on cooling the solution to 
room temperature.    Crop II, In5 g(  separated from tha filtrate on the addition 
of absolute ether to turbidity.    Crop III (1.5 g, mp 85 to 90°C) was obtained 
on the further addition of ether to the filtrate from Crop II.    Crop HI melted 
at 90 to 92°C following two recrystallizatlons from methanol.    This material 
gave a positive Lioberman test for a nitroso group. 

Anal. Calc'd for C^H^NQO^I    jfi, 36.58j tfH, 1».90|  *N,  3U.lU 

Found*    %G, 36.98| %H$ h.90j #N, 35'.UO 

Possible formulae which correspond to the above data are Li,7~dinitro-10-nitroso- 
i4,7,10-triaza-l,13-trideeane dinitrile and h,10-dinitro-7-nltroso-!4,7,10-triaza~ 
1,13-tridecans dinitrile.    The latter is the more probable structure. 
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*•       Attempted Preparation of Di~{13~amluoethyl)~rtitr<mlne 

Unsuccessful attempts to obtain U,7,l(M.rlnltro--l4,7,l(>-trl- 
aza-l,13~trideeana dinitrila by direct nitration ware described above.   An 
alternate Method for the synthesis of this compound is schematically (shown 
below.    Thia method proposed the preparation of di(p-aminoathyl)-nitramine 
(III) which on oyanoethylation and subsequent nitration would yield u,7,10» 
trinltro-U,7,10-triai6a«l,13-trideoane dinitrile (V), according to the equationt 

206H5CHO + NH(CH2CH2NH2)2 —-^(CHgCiyhCHCgHJg 

(I) 

N02 N02 
(!) _, N(CH2CH2N-GHC6H5)2 — * N(CH2CH2NH2)2 

(ii) (m) 

f 2 ft ft 
(III) + 2CH2-CHCN ——»H(CH2CH2WHCH2CH20N)2 > ^(CIUQBjAoHgOHgON)g 

(IV) (V) 

The Schiff base was obtained as a waxy product, mp U7 to 02°C, insoluble in 
water.    No suitable solvent was found for roorystalllzation.    Upon attempting 
to isolate the nitric acid salt, the trie-nitric acid salt of diothylene triamine 
was obtained as a result of the hydrolysis of the Schiff base. 

3.        Attempted Preparation of Di-Cp-cyanoethyl)-nltramine 

»,        Di liousnion 

Calculation of the specific impulse of 3-nitro-3~aza~ 
1,5-pentane diisocyanata, and more important, the speoifio impulse of the 
popitnltratsd rioJymer with 2,?-dinitro-l,3*-propanediol, show that thia monomer 
would be wry desirable from the standpoint of high energy.    The polymer of the 
diisooyanate with 2,2-dlnitro-l,3-propanedlol has a calculated speoifio impulse 
of 167 lbf~sac/lbm, and the postnitrated polymer has a calculated specific 
impulse of 215 Ibf-soo/lbm.   The proposed synthesis of 3~nitro~>-aaa~l,£-pentane 
diitiocyanato (VI)  is schematically outlined belowi 

ft 
2CH2-CHCN + NH«-——*HN(CH2CH2CN)2——•-• NfCHgCHgCN)^ 

(I) (II) 

ft                                              ' ft 
— > N(CH2CH2C02H)2 «-—4  > N(CH2GHgNCO)2 

(III) (VI) 
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Di-(p-cyanoethyl)-amine (I) was prepared by the addition of acryionitrile to 
aquoous aiiunoiiia in muoh the rjaroe mariner a« uaed by Buo, Ford,  and Wise* and 
Wiedemann and Montgomery.**   The attempted conversion of this product to 
di~(£~cyanoethyl)-nitramine (II) using an anhydrous nitric acid-acetic annydrida 
mixture containing a chloride catalyst gave only water-soluble products.   A 
similar nitration was carried out using di(p-oarboxyethyl)-amlne hydrochloride. 
The replacement of the oyano groups with carboxyl groups was expected to yield 
a lass basic amine with a greater probability of successful nitration.    Un- 
fortunately,  this nitration also yielded water-eoluble products.    The di-(p-carb- 
oxyethyl)-amine hydrochloride was obtained by the hydrolysis of di-(p-cyanQethyl)- 
amine in concentrated hydrochloric scids 

b*        Experimental 

(1) Preparation of Di-(j3-cy«noethyl)~amine 

Acryionitrile (530 g;  10 moles) waa added dropwise 
at 20 to 2£°C to 695 ml (5 molea)  28tf aqueoua ammonia during a 15 to 20-min 
period.    When addition of the acryionitrile vms complete, the temperature of 
the reaction mixtur« began to ri.fie,  and external cooling waa required to main- 
tain the temperature below 30°C.    Lesa cooling was required aa the reaction pro- 
ceeded.    After a 3-hr period of stirring at 25 to 30°C, the solution waa warmed 
at UQ°C for 30 minutes.    The water waa distilled under reduced pressure, and 
the following data were taken during the distillation of the product. 

Cut Ii    bp 90-l5U°C/0.5 mmi  63.2 g| nj^ 1,1)550 

Cut II.    bp l5U-l56°G/0.5 mmj u30 gj nj* 1.U620. 

Cut IIIi    bp l5U°C/0.5 mm)  52 gj n** 1.U625 

Residuei    23 g 

Cuts II and Til correspond to a 78.h% yield of dl-(p-nyanoothyl)--amin6.    The 
nitric acid salt, mp 133 to 135°C, waa prepared by the addition of nitric acid 
tc a cold solution of a sample of Cut II in ethanol.    This aalt was quite 
water-soluble* 

(2) Preparation of Di-(fl-earboxyethyl)-amine 
Hydrochloride 

Di-(B-oyanoethyl)-aisini (123 gj 1 mole) was 
added dropwlae with stirring to 2?0 ml (3 moles)  concentrated hydrochloric 
acid while the temperature was held below !iO°C by external cooling.    The re- 
sulting solution waa rapidly heated to 95°G on the steam bath.    Without further 

*J. Am. Cliem. Soc 67, 92 (19U5). 

**J. Am. Chem. goo. 67, 199h (19U5). 
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heating, the temperature roe« to 11 $ to 120 G»    During a l$-mtn period, the 
temperature of the solution dropped to 100°C with the precipitation of a white 
solid.    An additional 38 ml (0.U6 mole) concentrated hydrochloric acid wa» 
added,  and stirring was continued for 18 hr while the temperature was main- 
tained at 90 to 95°C by means of the steam bath.    Stirring became difficult 
with the precipitation of additional solid as the mixture was cooled to room 
temperature.    The solid was collected on a uinterei-glass Duchner funnel and 
washed siiooosslvely with $00-inl portion* of acetone and absolute ether.    After 
thorough drying in a vacuum desiccator over potassium hydroxide, the crude 
di»(p<-cerboxyothyl)-amine hydrochloride weighed 216.5 g (theoretical yield, 
197*6 g)s    The material vms contaminated with ammonium chloride.    As attempts 
to purify samples of the hydrochloride by extraction with hot absolute ethanol 
or isopropanol were unsatisfactory, tho material was not further purified* 
The structure of the crude product was verified by conversion to di-(p-carb- 
oisyethyl)-nitroaamine» 

it,       Attempted Preparation of u,6-Dlaza~l,9~nonane Dlnltrile 

Two unsuccessful attempts to carry out the Michael reaction 
involving methylene diamine nnd acrylonltrile were conducted in order to 
prepare !4,6-diaza-l,9-nonane dlnltrile (l), an intermediate for the pro.>osod 
synthesis of 3,5-dinitro~3,5-diaza-l,7-heptane diisocyanate (VI)t 

2CH2-CHCN + CH2(NHg)2«2HCl—^^^CHgCNTICHgCHgGNjg 

(I) 

p2 f2 
 ) CH2(NGH2CH?CN)2—> CH^CNCHgCHgCOgHjg 

(II) (HI) 

N02 NO, N02 

 -+CH2(NGH2CH9C0C1)2 > CHgOJGHgCHjCON^ —~* CH2(NCH2CH2NCQ)2 

(IV) (V) (VI) 

The only product Isolated from the initial reaction was di-(p-cyanoethyl)- 
amine. This material evidently remits from the degradation of the mothylene 
diamino to ammonia followed by the Michael addition of two moles of acrylo- 
nltrile with the ammonia. Further work on this problem will bo postponed until 
a later date, although tho eventual preparation of the diisocyanate is de- 
sirable. 
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The polymer prepared frorp 3*!i^dinitFO-3,5-di«Bg-l,?--heptar.e 
diisocyanate and 2,2-dinitro-l,3-propanediol has a calculated specific im- 
pulse of 107.B Ibf seo/lbm, and the poatnltrated polymer has a calculated 
specific impulse of 22?.9 Ibf sec/lbm. 

5>.       Preparation of 5i?-Dinltro~;2-hsxene 

a.       Discussion 

(1)      Treatment of 5t5-dlnitro~2-hexanol with eulfuric 
acid yielded a hsxane-soluble oil with the properties of dinltrohaxena.*   The 
position of the double bond in this compound was not completely established, as 
it could bo either a 1- or a 2-hexanei 

H2S0, * 
GH3C(N02)2CH2CH2CHO:iCH^ —6—-"*- <f 

H SO ,CH3C(N02)2CH2CH-CH-CH3 

GH3C(N02)2CH2CH2CH-CH2 

That this compound is at least principally the ?f5-dinitro-2-hexone has now 
been conclusive!^ established by the isolation of the new 3,3-dinitrobutyrio 
acid upon oxidation with permanganate.    5,5-Dinitro-l-hexone would give the 
known u,U-dinitrovaleric aoidi 

CH3C (N02 JgCHgCl^CH-CI^ CHjC(NOg)gCHgCHgOH-CH^ 

CH3C(N02)2CH2C02H + CHjOOgH ChyKNO^C «2CH2C02H + HC02H 

The yield of J>»5~dlnitro-2-hexene from 5,b'-dlnitre-2-hexftnol (originally re- 
ported an 29$)  has been raiaed to 66$ when the reaction was conducted using 
slightly larger quantities.    The oxidation Is describe!) in Section V,A,1. 

(2)      The success of the above oxidation indicates that 
the £,!>,!>-Lrinitropenten© isolated by dehydration of 5»5»5-trinitro-2-pentanol 
with sulfurio acid,** ie undoubtedly 5,5»$-trinitro-2-pontene.    It likewise in- 
dicates that the currently unknown 3,3,3-dinitropropionio acid might be readily 
available from the permanganate oxidation of thin £jf!>,!>-trinitro-2-pentene or 
the li,U,u-"trinitro-i-butena recently available from ailvor nitroform and ally! 
bromide.***    These oxidations will  be attempted when time permits. 

to 
Aerojet Report No, 638, p. 77. 

Aerojet Report No. 622, p. 71. 

Rohm k  Haas Co., Quarterly Progress Report P-52-1, June, 19!>2j Quarterly 
Progress Report P-52-3, September, 1952. 
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b.       Experimental - Preparation of 5,5-Dinitro-2-hex»ne 

Five drops of oone. sulfurio acid was added to a 
U,0-g portion of 5»5-dinitrc~2-haxanol in a 6-in. i9«t tube.   The solution was 
boiled (behind a safety shield)  over a free flame until a second black phase 
developed.    This required about to seconds.   Eight such runs were combined 
and extracted with hexano.    The hexane solution was washed with water, dried, 
and evaporate through i "l5-irt«  glass-halices-paoked column at atmospheric 
pressure and then at water pump pressure at 30"C.    The residue, 25 g, was 

distilled st 1 to 2 mm, yielding a 0»5-g forerun, n^5   l.US^U, and 1? g 
D 25 of colorless product (66* of theoretical), bp 59 to 6o°C, tff   1.1*557. 

6.       ^j^DlnitroyBlaraldahyde from Oxidation of 5,5-Pinltro- 
1,2-hexanediol 

a. Discussion 

The structure of 5,5,5-trlnitro-l,2«pentanediol was 
confirmed by oxidation with periodic acid to give U,li,U-trinitrobutanel.* 
This oxidation has now been run with 5»5-dinitro-l,2-hexane-diol## to yield 
U,4-dinitrovaleraldehyde, identical with that reported by H. Shechter et al« 
from dinitroethen© and acroleln.*** 

b. Experimental 

A solution of 20.5 g {0,09 mole) periodic acid, Hc;I0$, 
in 90 ml water was added over 10 minutes to a solution of 16 g (0,075 mole) 
5»5-dinitro-l,2-hoxanediol in 80 ml water at 23 to 25°C.   The separated oil 
was taken up in methylene chloride.    The solution was washed with water, dried 
over Drierite, and evaporatnri to drvness, leaving 13.5 g of orude dinitro- 

pentanal, nn     1•U6U1•   A sample WHS twice diutilled in a bulb tube at 80 to 

90 C end 5p. to yi.eld a colorless oil, tx^   1.U6U0. 

Anal. Calc'd for CgHgN^i    '^'  3|u°9i &*» U.58j %Ht 15.91 

Found»    Jfc, 3U.2lLi| %]], b.5l; %ti, 15.78 

The 2,l4~oinltrophonylhy(irazone gavu yellow platos from othanol-dioxane, mp 137 
to 138°C. 

Anal, Calo'd for C11H12N60Qi    £N, 23.59 

roundi    £N, 23.88 

AeroJot Report No,  £63, p.  79. 

**Aerojat Report No, 638, p. 85. 
)HHWo State University Roport No.  3, October, 1950, p. 10. 
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7.       Preparation of SliJi^SSziLl^I^j^SSSI 

a*       Biscusaion 

The method of preparing the acetone derivatives of 
1,3-diols, usint excess acetone with one mole of diol and one mole of boron 
trifluorido •therate,  as exemplified by 2-nltrc-2-inethyl-l,3-propanedlol, nib 
glycerol, and 2,2-d!nltro-l,>-propcmadiol,* oeoras to be of general appli- 
cability!  and it appeared of interest to determine whether the scope of the 
reaction could be broadened.    In the cage of water-insoluble aldehydes and 
ketoneawher« excess reagent would Interfere with isolation of product, the 
reaction is successfully run in ..cetonitrlle with only a email excess of 
carbonyl compound.    Parafcrmaldehyde was successfully used as a source of 
formaldehyde in acetonitrlle.    The reaction was also suecesafully applied to 
a nitro diol containing an active hydrogen. 2-nitro-l,3-propanediol» 

b.        Experimental - Preparation of 2~Methyl~2,5-diethyl- 
5-nitro-l.3-dioxane 

A 200-ml Rrlenmeyer flask was charged with 1!> g (0.1 
mole)  2-nitro-2-ethyi-l,3~propanetilol, 8 g (0.11 mole) methyl ethyl ketone, 
20 ml acetonitrlle and 13 ml (0.1 mole) boron trlfluoride etherate.    Heat was 
evolved and all dissolved.    The solution was warmed for 10 minutes on a «team 
bath and poured into a mixture of 9 g sodium bicarbonate, 80 ml water, and 
excess ice.    The precipitated oil wan taken up in methylene chloride and dried 
over Drierite.   Evaporation to <irynean left l!> g of a light-tan oil which could 
not be crystallized.    It was distilled at reduced press ire to yield 11 g (&0%) 

of a colorlesn middle cut, n     1,U5>71, bp 65 to 70 C at 0.$n.    A small sample 

was redistilled in a bulb tube as above to yield a middle cut, n ' l.htfAo * *ifcrw# * 

which was auhmitted for analysis. 

Anal. Calc'd for C^NQ^    Jfc, §3,l8j %H, 8.lt3j *N, 6.09 

Foundi    %0, 52.11j «H, 6.27j Jfit, 7.27 

(2)      Preparation of 5-Methyl-5-nitro-l,3-dloxane 

A 200-ml flask was charged with 13.5 g (0.1 mole) 
2-nltro-2-methyl-l,3~propanediol, u g (0.13 mole) paraformaldehyde, 20 ml 
acetonitrlle,  and 13 ml (0.1 mole) boron trifluorido ethorate.    All dissolved 
rapidly except the paraformaldehyde.    The mixture was boilad for $ minutes on 
a steam bath,  at which time tlw paraformaldohyde had disappeared.    The solution 
was poured into 9 g sodium bicarbonate, 80 ml wator,  and excess ico.    A 
crystalline solid precipi' ated.    This was washed with ice water and dried 
In vacuo to yield 12 g, mp 67 to 69°C.    Recry stall la&ation from aqueous methanol 

Aerojet Report No. 663, p. 72, 
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« 

gav* H g (73*S), wp 70 to 7l°C,    Senkus has reported a moltinr, point of 7l°C* 
A sample was recrystallized from aqueous mcithanol then from ethanol and sub- 
mitted for analysis. 

Anal. Cale'd for (ULNO^    ft), U).Clj f<\\, 6.l7j #N, 9.52 

Foundi    %t Lj0,Blj Stt, 6.l7j JIN, 9.8U 

(J)      Preparation of 2,2-Dim0thyl-5-nltro-l,3-"dloxane 

The addition of 6.5 rsl (0.0$ mole) of boron 
trifluoride etherate to a solution of 6.0 g (0.05 mole) of mononltropropane- 
diol in 12 ml aostone caused the evolution of heat and darkening.    After 10 
minutes, the solution was poured into 60 ml IN sodium bicarbonate and ice. 
The crystalline solid was washed with ice water and air-dried to yield 3.1 g 
(37$), mp 60 to 6l°C.   A sample was recryatalllzed from aqueous methar.ol and 
then hexane to yield colorless plates, mp 60 to 6l°C. 

Anal. Cale'd for C^H^NO.i    ft, uu,7l; #H, 6.68; %ti, 8.69 

Foundi    %, U5.32j %ti, 6.78; $4, B.$2 

8.        Reaction of Halo Nitro Compounds with Metals 

a.       Discussion 

(1) As reported previously,    the Michael reaction 
of chloronltro compounds with mothyl acrylate wns undertaken to provide 
intermediates for the preparation of unsaturnted nitro compounds and bi- 
functional nitro compounds.   While removal of halogen and formation of a 
double bond foiled, the reaction with metals was studied in order to prepare 
bifunctional nitro compounds.    However, this reaction also failed, but it 
has been observed previously that methyl U-nitro-lv-chioropentanoata and zinc 
metal reacted rapidly, with the formation of a white precipitate of unknown 
structure,    This white compound was found to be insoluble in water and in all 
common organic solvents, thereby makin,   purification Impossible.    It was found 
that the white precipitate contained zinc,  and it reacted with dilute mineral 
acids with the formation of methyl iHteto-p^ntanoate.    When 1-brorao-l-nitro- 
cyclohexane wan used the white precipitate gave cyciohexanone upon treatment 
with hydrochloric ncid.    Methyl u-chloro-U-nitrobexanoate was converted into 
methyl Itrketnnexonoata* 

(2) Zinc metal reacts with aliphatic nitro compounds 
to form hydroxyl amines.***   No information is available regarding the reaction 

*J. Am. Chem. wSoc. 63,  ?6}$ (19ul). 
mi 

Aerojet Report No.  Iifl2,  p.  11. 

Bamberger, Der. 27, 1350 (1S9«)) Majort. Ann.   362, 20U (1909). 
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of sine and halo nitro compounds.    The analyst* of the crude white precipitate 
1B inconclusive, because the white precipitate in some csaeea is halogen-free, 
and in other cuses contains some halogen.    Since treatment of the white pre- 
cipitate with mineral acid gave katones, tho following explanation for forma- 
tion and structure ie proposed: 

NOg NO-ZnOH 

CH^CCH^CHpCOOCH^ + 2Zn- KH^G-CHpCH^COOCH^ •* CH^CCH^HgCOCX^ 

Cl 0 

This structure would explain the ratio of the reactants, the formation of an 
insoluble metal complex containing nitrogen, and the easy conversion of the 
metal complex into methyl !i-keto-valerate upon treatment with mineral acid* 

(3)      Other compounds react in the same ratio with 
Zn an reported for methyl u-nitro-U-chlorovalerata.    For example, 2-chloro- 
2-nitropropane forma a vhite precipitate in fair yiold with sine, 1-bromo- 
1-nitrocyclohexane reacts rapidly in 10$ alcohol solution and without solvent 
in an almost explosive manner}  and methyl u-chloro-h-nltrohexanoate forms a 
white precipitate in good yield.    Gem dinitro compounds,  ouch as 3,3~di.nitro- 
pentane dimethyl urethane or 3»3"dlnltro-l,5-*pentane dlaraine dihydrochloride 
also renct in the sarae manner.    However,  since this work did not proceed in 
the desired direction, no further effort is planned along these lines. 

b.       Experimental 

(1)      Methyl u-Nitro-u-chlorovalerate and Zinc 

(a) A three-necked flask provided with a 
thermometer, stirrer, and reflux condenser was charged with 19.6 g methyl 
It-nitro-b-uhlorovplerate, 100 ml raethanol, 10*2 g Bine duet and 5 g ammonium 
chloride.    The mixture was stirred vigorously.    The temperature rose to U8°0 
and a white precipitate wan formed.    The uixture was kept stirring for 10 
mlnutea at 60°C until all zinc metal waa consumed.    The mixture was then 
cooled,  ant' the precipitate was collected and washed with methanoi and ether. 
The yield wua 10 g of whitu crystals carrying a high eleotrle charge, analysed 
without further purification. 

Anal. Calo'd for OglLjNOrZni    4C,  31.8lj ;*H, h.90| #N, 6.18;  $Zn, 28.06 

Found:    JfO, 3?,h&i *H,  3.82} 4N, 6.11;  /,Zn, 22.81 

(b) Hydrolysis 

Ten g of the dry white precipitate waa 
suspended in 100 ml water, and hydrochloric acid waft added, The precipitate 
dissolved quickly to form a blue aolutlon, from which an oil suddenly 

Paf© 

CONFIDENTIAL 

*mL*t *K dkn 



'$JS&NK&^#sm>&*iimm'&.---- *>«** su****^^^****^^ ,,    ...   • i . .-i*^fcj»*w: i^w-ww^*^*^ RS*0ll!mAIMWMMlMMMIMM3 

CONFIDENTIAL 

V Technical FroBross, K (oont.) Report No, 686 

separated,    Th« oil was extracted and distilled in a taulb tubo at 60°C air- 
bath temperature and % ram pressure. 

Anal. Oalo'd for O^JL^O-i    %, $5,17} ,*H, 7.7Uj •SOCH-, 2U.U0 

Foundi    jQt $$.$li *H, 7.79j !&)CHV 23.29 

(c)      Identification 

Two grams of the oil obtained under (b) 
was treated with a filtered aolution of 3 g semlcsrboaide hydrochloride and 
3 g sodium acetate in 70 ml methanol.    After evaporation of the solvent a 
crystalline compound was obtained, which after recryatallization from water 
had a melting point of lU8 to ll49°C.    The mixed melting point with methyl 
b-ketopontanoate was not depressed. 

Anal. Calc'd for O^tL.OJI.1    %C, bb.91j  %U,  7.00j  $N,  22.U5 

Foundi    00, li$.31j 0H# 7.09; 0N, 21.78 

(2)      1-Dromo-l-nitrocvclohexane end Zinc 

(a) A three-necked flask provided with a 
ntirrer, thermometer, and reflux condenser was charged with 20.R g bromo- 
nttrocyclohoxane, 10.2 5, zinc dust, 10 g ammonium chloride,  and ?5o ml 
methanol.    The temperature rose to U$°C and a white precipitate was formed 
instantly.    After 10 minutes refluxing all stinc metal was consumed.    The 
mixture was cooled,  and the precipitate was collected and dried in a desic- 
cator.    The yield was Ifl g. 

Anal. Foundi    ,fc,  30.27; j<H# 5.17;  XN, 9.39; %Br,  22.0b. 

(b) Hydrolysis 

Ton g of the precipitate was  suspended 
In 100 ml water,   and hydrochloric acid was added.    The precipitate dissolved 
and cyclohe:s:anone odor was noticeable    The water phase was extracted with 
other,  and the ether was removed.    The yield was 5.2 g.    This oil was con- 
verted into the semlcarbazone by treating it with a clear solution of 5 g 
neinicarbaaide hydrochloride and 5 g sodium acetate in 100 ml methanol.    The 
oomicarbazono formed had a rnaltln:; point of 169 to 1?0°C after recrystalllza- 
tion from water.    The mixed malting point with cyeiohexanone semlcarbazone 
was not depressed. 

9«        2-Mitro-l-propyl p~Toluenaaulfqnata 

a.        This new compound was reported tn melt at 7b to 75 C, 
It has now b^en purified and analyzed. 
2 ""~~"    '     ———— 
In Aerojet Report No, 663, p. 69. 
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b. A sample was prepared as previously described* It was 
recryetalliaed from methanol, then from lsoprepanol, from bemBene-eyolohexena, 
and finally from iaopropanol to yield colorless chunky plates, mp 77 to 78°C« 

Anal. Calc'd for C^H^NO^Si    %U, 5.U0;  #3, 12.37 

Poundt    '/,N, 5.16]   i8, 12.37 

10.      atU,U-Trlriitrobutanal 

a. The 2,U»dinitrophenylhydrasone of this aldehyde was 
reporx-ed previously.*   It has boon purified and analyzed. 

b. The original sample (0.8 g) was recrystallissed twioe 
from absolute ethanol ($0 to 70 ill) yielding fine yellow needles, mp 162 to 
163°C. 

Anal. Calc'd for c
10HoN7010!    #N,  25.32 

Foundi    #N, 25,05 

F,        NITROSAiUNES 

1. Introduction 

In comparison with the hifih-energy nltramlno tfroup, the nitro- 
samino group does not make an outstanding contribution to the specific impulse 
?f a given compound.    Consequently, the nitrosamines are not particularly inter- 
esting for use in nitropolyraer work.    However, the nitroeaminea are readily 
available from the free amine or omine salts by the action of nitrous acid, and 
the development of a general method for their conversion to nitramines would 
make a number of highly desirable nitramines available which, at present, cannot 
be prepared by other means.    The preparation of three nitrosamines - u,7,lG-tri- 
nitroao~U,7,lQ"trlaza-l,13-tridecane dinitrile, di-(p-carboxyothyl)-nitroaamine, 
and di-(p-eyanoRthyl)-riitrosamlne - is described in this report*    A aeries of 
attempts to oxidise di-(p~cyanoethyr)-nitrosamina and li,7-dinltro80~l4,7-dia»a- 
1,10-decano dinitrile to the corresi ending nitramines are also described. 

2. Preparation of hf 7,10"TrlnltroBO-l4!7!10-triftga-lf13-tridecane 
DinJLtrlie " 

a.   Discussion 

li,7,10-Trinitro8o-Lj,7,10-triaiia-l,13-tridecane dini- 
trile was prepared from the trls-nltrlc acid salt of l4,7f10-triaaa-l,13-tri- 
decane dinitrile by the action of nitrous acid.    This nitrosation was carried 

In Aerojet Report No. 563» p»  79• 
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out for the purpose of assaying the nitric acid salt.    The v«ry low yields 
which had been obtained in the nitration of this salt* suggested that it 
possibly existed as an isomeric mixture.    The nearly quantitative yield 
(°li.8:S) of the trinitroso derivrtive verified the purity of the salt. 

b»       Experimental 

A solution of 119 Ji g (0.3 mole) "trls-nitrio aoid 
salt of h,7,10-triflza-l»13~; ridecane dinitrlle in U00 ml water wan prepared 
by vanning the mixture to 90°C.    The solution was acidified with 2 ml con- 
centrated hydrochloric acid, and a solution of 69 g (0.969 mole) 91% sodium 
nitrite in 100 ml water was added in a lino streams    Sufficient heat was 
evolved to maintain the temperature at 90°C during the 5 to 3.0-mln period of 
addition.    Additional hydrochloric acid (ca J» ml, added in increments) was 
required to.maintain the reaction mixture on the acid side.    The mixture was 
warmed at 90 to 95°G with continuous stirring for two hours.    The product 
layer solidified when the mixture was chilled to 0°C.    The product wag col- 
lected by filtration end recrystallized from 207? ml mothanol,    After drying 
in a vaouuo desiccator ovor phosphorous pentoxide, the h,7,10-trinitroso~ 
li,7,10-tPiaia-l,l3-trid*cam dinitrlle, mp 87,5 to 89 C, weighed 8h.6 g, 
corresponding   to 9h.B^ of the theoretical yield.    A purified sample, mp 90 
to 92°C, was prepared for analysis by succeesivo recrystallizations from 
methanol and ethyl acetate. 

Anal. Calc'd for ^vJU/ffi%*    '$>* U0«53| #l# 5«UUj  £N,  37.82 

Found«    %C, U0.143} *H, £.U0$  $f, 37.00 

3»        Preparation of Di~(6«-carboxyethyl)-nltroaamlne 

a. Disousaion 

Dl-(B-carbayxethyl)-*nitrosaraino was prepared for the 
purpose of establishing  the structure of di-(|3~carboxyathyl)~amine hydro- 
ohloride.    The latter was obtained by the hydrolysis of the corresponding 
dinitrlle and was contaminated with ammonium chloride (Section V,l%1).    Be- 
cause this mixture was not readily separable,  and it gave no water-insoluble 
product on attempted   conversion to di-(p«carhoxyethyl)-nitraiaine by nitra- 
tion, the presence of the di-(p-carboxvethyl)-amine hydroohlorlda was proved 
by conversion to the nitroso derivative. 

b. Experimental 

A solution of 66 g (l/3 mole) crude di-(p-carboxyethyl)- 
amine hydroohloride in SO  ml water was heated to 90°C, 1 ml concentrated 
hydrochloric aoid was added, and a solution of 23 g (0.323 mole) 97$ sodium 

Aerojet Report No, 663. p. 76. 
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nitrite in 3? ml water wsa add*d at 90 to 9F> 0 during a 10-mln period,    A  em ell 
additional quantity of concentrated hydrochloric acid was required to maintain 
the pK of the solution on the acid aide.    Stirring was continued for 1-l/U hr 
while the temperature was held at 90 to 9$°0.    When the solution was chilled to 
0 to $°Q, h g white solid separated, which was identified as ammonium chloride* 
The filtrate war! extracted three times with 100-ml portions of ethyl acetate. 
The combined extracts were driart over anhydrous sodium sulfate and distilled 
In vacuOi    The lh--g solid residue melted at 9? to 9li°C.    The continuous ex- 
rractTon of the reaction solution with ethyl acetate for a 21-hr period yielded 
an additional 9.5 g of product,    Ti.e 23.5-g yield corresponded to 37.1# of the 
theoretical, on the baeis of pure di-(p-carbo*yethyl)~amlne hydrochloride. 
Three recrystallifcations of a sample of the di-(p-carboxyothyl)-nitrosamine from 
ethyl acetate gave a purified material, mp 96.5 to 9?.£°C» 

Anal. Calc'd for ^H^N^t    *°»  37.Q9;  ;<H, 5.30}  jfN, lu.7U 

Foundj    jfc, 37*77f %H, $.3Uj ';>>N, 1U.76 

l.i.        Preparation of Dl~(J[)-cyftnoethyl)->nitrosamine 

a. Discussion 

Di-(p-cyanoethyl)~nitrosamin© was prepared in IS9% yield 
by tho action of nitrous acid on di-(p-cyanoetbyl)-amlne.    This nitroaamine 
was desired for use ae a model in oxidation experiments with tho purpose of 
developing a procesr for the preparation of nltramines. 

b. Experimental 

Concentrated hydrochloric acid (£0 ml, 0.6 mole) was 
added dropwise with stirring to 7h g (0.6 mole) di~(p-cyanoethyl)-nmine wh'le 
maintaining tho tomporaturo bolow 80 C.    A suspension of h6 g (O.6S46 mole) 
9l% sodium nitrate in U0 ml water was added during a l|>-niin period.    The tem- 
perature was maintained at 80 to 85>°G without external heating.    Additional 
hydrochloric acid was required following the complete addition of the sodium 
nitrite.    Stirring wac continued for 30 inin while the temperature was told at 
90 to 9£°C by mewne of tho  stem,! both.    When the  reaction mixture was chilled 
to 0 to 5°C, the product layer crystallized.    Tho solid was separated by 
filtration and pressed as dry as possible.    Recrystallization from 600 ml 
methanol followed by thorough drying over phosphorous pentoxide in a vacuum 
desiccator yielded Bl.3 g di-(p-cyanoethyl;-nitrosamine, mp 1*6 to U6.;>0C, 
corresponding to 89$ of the theoretical.    Three recrystallisRatlonfl of a sample 
of the product from methanol did not alter the molting point. 

Anal. Calc'd for C6H8N.Os    %£, h7.36j  #1, $.30j  %N,  36.83 

Foundt    Ha, u?.6Uj ft, $.l$\ 5&,  37.U2 
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5.       Attempted Conversion of Mltrogamlnsa to Sltraniincp 

The value cf a general method for converting nltroosmines 
to nitfamines hflB become exceedingly apparent with unsuccessful or unsatis- 
factory attempts to obtain di-(p-cyenoethyl)~nitramina, di-(p-carboxyethyl)- 
nitramlne,  and U,7*10-trinitro-u,7,10-tria!6a~l,l>trideoane dinitrile by 
direct nitration.    On the other hand, the corresponding nitrossimines were 
readily obtlined by the action of nitrous acid,   A numbor of experiments hove 
been carried out on U,7-dinitroso4i,7-diaza-l,10-decane dinitrile*  m^ 
di-(|3-cyanoethyl)-nitroaamine in attempts to oxidiaa there nitroaamlnes to 
the corresponding, nitramlnes.    U,7-Dinitroso-U,7-diai&a~l,10-decane dinitrile 
was chosen an one model for these experiments,  as the corresponding nltro 
compound and nitro dicarboxylic acid have been characterised.**   Di-(p-cyano- 
ethyl) -nltrofiami.no was used as the second model because of its simpler 
structure.    Thus far ail attempts to oxidi»e the nitrosamines have been un- 
successful.    The results of these tasts ara given in Tables XXXII and XXXIII. 

VI,      SPIA DATA 

A Solid Propellant Information Agency data sheet haa been complied for 
polyurethane I-J,  from 2-nitro~2>-raethyl~l,3-propanediol und 3,3-dinitro- 
1,5 pentane diisocyanate,  and is presented as Appendix A. 

M, 

Aerojet Report No. 630, p.  89. 
IHf 

Ibid. 
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Pat* Quo»t!<wtne<re OD 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTB AND OTHER IXPLOSIVES 

Uebad below ure 4b* e&»*»,**eri*Uc» talah ere baUeved to bo of laportanoe la •»• itudy at m eoaotmad 
' b* ueud «• * eoaetituant of •slid propellente or otaer eitploalvea.    X* is sol **'jested 
rotation will  b« »v»ll*bU for «»ry uoapuuad..    for osaatnle,  MUB a rjapeuae abawi,*| poo* 
ffobafcl* net advisable to investlg«l* bant ooapounA farther,    me* pl*oln$ snob lafoweabl 
>? a ooapouad which you have prepared or tested on on* ox these forms,  eaal It to 30I.IS 

nWftt.lAif ISIOTNAMOS AOEHCT, Mfm. 8S31 G*©*_ia Avo«*e. Oliver Spring, KarySaad.    A* additional  lafor- 
uilou on taa saae or new ooapouads aewiss, forward it on a elallnr fera 4« a later d*ta.    The iaferaabtoa 
eubaifetei m these ferns will bo rewritten and published b* IMA la l»os«-leef annual fora,    faff* fora* 
nay blec bo uaad a* work o* data sheets for your experiment*! studios,    tstra aoplea *re available upon 
ra%u«f« ftfoa l?tl.    Suesaetioaa far ImrottatBt of these foraa aro invited.    If lneaffUiemt erase bae boon 

Listed balaw ar« t 

*• i« *e*il»ble for a i 

1. 

If* 
Ldad 

Polyurethane of 3»>dinltro« 
COMPOUND:  l»5-p«ntftnedilBocyanat« + 2-nitro- 

Name    2-meiriyl-l. 3-propaned lol  
EmpiricIIToTmula  (CnHl7NffibTn     —- I 
Structura: (oonf lfurotl on) 

U N02 H      0 H H H N02 \i H H 0 

0-i-C—G-0-H4-C-C-C 6-C-N-C- 
_ /i AH3 A A H NO2 H H 

OB 

Information submitted by. 
Activity   Aerojat.,Engineering Corporation 
P»ra« ^*JS*^±as^*J^J£MJH£^ 
Data 

Preparation 

I? 
aaetlon(a); n[j)CN-CHgGH2-C(N02)3-GH2-CH2-NC0]   * nfoo^H^tCtyfo^CHgOrj] 

Quantitative analysts:!* by ealght) 
Carbon 

Calculated from formula   ___U__83__ 
By dstarmlnaUcn 3SSE 

Oxygen "SKIT 

8. Burning properties.'^ sap* r^d to tsltrooelluloee, under nitrogen at etnoaphsrle preesurei) 

«— , (rooterV     Rltaft     reelduef   eto.)     ~      '     '       "~•       "    "—"" 
9, Stability and Sensitivity: t\0% any granha on Meeuae nethorie uaad enen they vary 

oeparate sheet trm refercnooe.    Oiva taaparatnr* uaad. 
(Oaa aaparata ahaat If naoaaaary.) 

Namaaftait Rtcommtndad method 
a. Impact lanaltlvlty 0«to SIBS ~     ~ __  
b. Tharmal Stability OSRD 3401 p.8 1^**0. methvl yiolet TifiXr 
c. Vacuum Stability OSRD 3d0I p.10  _, 
d. Tamnaraturo of Exploaion OSRD 9401 p.fl 
a.   Tempo rat j! a of tcnition ___ flBRD S40I p.C _ . _ 

Impafit JSLihlllty. _ 
bapaot JSiablllty-—. 

r*7~HT=in?Sh paper. 
BiiraAuuoXJdll»«,  BulLj.JJOauJlSZIIrJa^^ 
SaiiM-iia. g., hi) 

HMHULia Qf AIQV1 TKSTB 

ripmavc on anvil*.,- 

Reference comaound 
(«e*l_uetioa-Tbt', feijjrl, 1.0., oto"^ 

a.                     
fc.   NirrocelluIoBi". ^rmfnTno^oIor 
c.  _____„ ,„______=_  ^«^_»_-^. 
d. ' ______„„__,„_ 
t. 
*. TJHroMllttloBi71X)"^T1fi7^o°^oTor^*" , flo qgJjgZSIEE 
s> BRX. 2fl BBJ r.nmpnalJLl an La -_rl^Q 6f» -, atlQOufla^,,—. 
h. j.p_r ii, r.Bj cQanmiUion A. 55 am JBlQQ tm  

New Compound tent i eaulla 

4.   Haat ul formation; (&D +      -23        Kg. c&lorits at SB'C., 1 atm. praamira 
~ nioToafrniRr- 
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»? Experiment By Calculation Method 
i sr r«f( 
HMHM 

DaeerWtiaa e» r«f«r»*«».     l3«*MC-» 

G.    Eujr__- «« BS»iitjB5ai? (Q) ial/gm . 

6. H«at of combustion (Hc)        36gj?  cal/gm       ,l6gg Aerojet Report, hit A 
Ut as«n, H?o iifliuiit) —       •*""*" 

7. Specific Impulse (I_p) csle:    __ _ ^ Ib-aoc/lb __( _, „ 

8.  Phynical form of compound(vleroun limit*, eryateUlne tyoe, ate,)    WftifetJi  B-tOrphO_i powdtr. 
Cm fro ipoldqd  Into 'xlflht-ygl.low,  cigar! plaaUc  8|jauimen. , 

0,    Simple microscope analysis data: 
(arystal etudles) 

SO.   DtnsltyiBssre method)  Ifllip7   mtn/nmi (Micro or othar eathnd)  „  gm/em3, 
(nrnlaln on aaparata sheet any uniiiua mathoda you uaa,)" 

11.  Index of refraction,' (nfl5"0, )     , 12. Color white    IS.  Odor   Nona  

U.   pH at 25"C.      j£^j_ (Method referanra CHRP U01  n.4,  or (MRP ¥W>.    Indlnat* aathod uaad,  I.e. 
aolseni «riS""pobo«nf?iirion« uaad,    pH lndloetor OB oar or D.eek__n   JJB aatar.)        ______ 

^at^ratad jolytlgn. Bfdfcmm mettr. 

15. HygroscoplcUs?* Reference 
New Compound Compuund _^^_^__^     _____ 

Visible changs an exposure T~deaTFeTr_n~T 
to ambient air. ____.   _____ . .____-__—. 
% wt Increase by* (a) or 7b) _______________________    _,., _____________ . 

{Strife* out aethod (a)  oFTFTTHggJj usioTT" fJT^arTihTh BiToe resTh^i" ar*llaeoY 
'Method* BKpiain on ••paratn ehe«t.) 

(a) Tha sample (appro*.  5-10 ft,  of ehola -rain imall  poeriar or I /*T«ln 8f  _r»e Boeder}  ia place*) in a 
|/iann ael**h1n» bottle.    Tha eelf-hlne; boiii* (nc-ar r«mo-ed)  la planer* 1n a «/BPUU_ drying o»en for 5 hra. 
0 SS***?!,    Raaowe nifhttta bettia from o»en, roi»r elth alaai itopoer, cool  1n a deaint-etor and aaigh 
accurately.    This is taken •• orlalrml dry wai«ht of aanpla.    Than plaee eeiphlns bottle (oo*»ar remowd) 
In »  h'Jaldor (• lCMn.  deeienator la a aatiafantory vassal) eontaininr 1  liter of  IH.'J * .',% HpSC*. 

(Thsa  gives relative humidity 90 £.?1«).    Plaee In en 0*??B aalntailiad at   m' ;'«r.    On tha  fmirth day 
reaove eelghlnc bottle from tha humidor, newer elth glaae atopoer, nool In a  dseincator and ealfh. 
Then return to h__idor for 2* houre, ooel end reeeigh.    Continue daily eelehltse. until ronatant aalfht 
lndlr.etse aanpla !we reaohed equillbriua elth '»CT**_ U.K.    Tha X ealaht inoreaia is then ranorted aa 
hy*-r@§t)0pl*iiiy of the aanpla. 

(b) an aitarnata laatnun   ie   in GSKH   ii,l)\  a.j, 

16. VolatllltjKeeporl ea rate  of IOBB in at  % per unit »r>>*  (for liquid aamplag naaaure tha aurfefi* arvaj  for 
aollda,   tha Baaple ahould be aoreaned beteaan 100-130 maah B.f, atanrtarrl «artifi*d    a leva)  par 4 hre,, 
after sonetant rete of loea ia obtained durinr thrae coneaoutiw A-hr.  nerloda at (a)  ?">^;  in e'veeeei 
thfoujrti ehinh a  stream ef dry air is  forned,  (li)  In an -rvan it M,?0*"  or  (r) undar other teat eethod at 
c-ondltiosui.      _____*__•_____»______________   

{Deaorlj-.ti-B or referenda tfToUjeF**teet or oo^ftio1iB"_aal^    llaa""aeperata ahiat if rseoaaiej-y.) 

Volatility reauita on: New Compuund Reference Compound 
TflesljnalTonT 

a-  *. 
b. b. 
e. „ c 

17. Boiling point, or dacompoaitlon tamperatura:  *C. 
(undarline ahlrh teapereture la reported) 

IB.  Heat of Vaporlxation* g-cal./gm __BTU/lb. 

18. Heat of Funlonj  g-cal./gm , BTU/lb. 

20. MtUing poli-i- . t.    Softanlns point range, 60 to 65^0. 
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It.   Solubility of new compound; 

_^_J___L__ I7">O «» H8O it an*c. 

     ,  0.016 

-c 0.01 

o,o5o 

0.031 

g/100 ml   tol-ana  
(na»« «_t-ri*i uaad M aolTant) 

(MM Mtarial uaac at aelwnt) 

•/ioo »» _Ja-_aia-_,.   -, ___.._,__-. 
(sin-* Hatarial uaad aa aolvani) 

g/100 ml   chloroform 

g/100 ml M-0 lit 

• at, 

at 

at 

at 

Vary soluble in ethyl acetate and acetone. 

aa- Infrared Tranemiasion Curve 

V'art Numbatf In ttr 

A 
~r~n'' 

Wava   I eisgili   in   Mln,;m 

Report No. 
SHA/fc. 

686 

ii. 
____.*c 

-a*. 
_____ 

Polyu re thane I-J film, 0.0003 in. thick.    ^-Nitro-2-methyl-l,3-pro|jariedlol 
with 3f3-dinitro-l,i>-pentan(.id1inocyanute.    12-mln scan. 
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a*. 

UtMtar cqrcqatab]Uty •• »r« nont'lrierlna tha ability of tto *mvt*u\A» to be In Intlsste oonteet (Note 
OSHD 9?5i p. "•«) ')»r t Ion? period of tin* without adverse effsota on either th* eheeieal sr ehyaleeS. 
nrewrtiss ff either aateriol.    These test* will urobably be of varied extent.    They *i«ht fee esat of 
th» rcMMiBfei   (a)    ateitferd stability taata.    (b)    Sisole  observations of JIUABUOR or i*persti«» e* 
•ablest or soeelaratad teaner«t(ir«,    (e) Prepare thin aitsete (.0?1» thirl, Is snuere) of th# plBstlnl»ed 
sateriai,    Separate the eheets tilth strlns of nigerette paper or carbon paper ami oonpreos th» etaes So 
t "T!B olaap.    After several days not* the oily coll*etlon on tha taper,      Please five raferenas to or 
deeorlbe nroaadvre used.    Ttaai ?8 ta to lndlnate rsaults «hen tha compound la In contest eltta anew nateri- 
(1  ethsr than ethyl nelluloes,  nitrocellulose or rubber,    TaSt  performed  b>   dl880lvlng   8ami)la 
and standard In a common solvent, drying rapidly on a glass plate and examining 

and Homogeneity, the resulting film for clarity 
Compatebillty with ethyl cellulose:    __ 

34,    CsnipaUb'.ltt; with nitrocellulose:   Ratio, 
ftrwiWiis' 

wt NO 

48.    Comy>tabtlity with rubber: 

SQ/ZL 
TnGQaipatilj.l< 

id,     Compatablitty wtth 

-Inr.nmp.ati1 hi a 

17. 

to. 

Polymerising propertlea of the new compound: 
(a) By tteelf ____„     __   _ _ 
(b) In mUtureT(iTtFa7oTti»aaT"       ." 
(c) Inhibiting action on polymerization at; 

Thiokal  
MethacryTate 
Other compound's 

Availability 
a,  Amount now available? 
b. When was available material first prepare? 
c. hmsmrd prepared at that time? 
d. In large production feasible? 

Research quantities. 

e.   Plant capacity In existence, lba"73ay7" 
i.  Outline steps for a quantity production method 

Additional Information: (tostcity, hssafds, deterioration, oxygen balance, detonation rate, explosive 
poser, aaaa of hydrolysis by =:Ur, »to,    i.iit refereneee, reports, data books, eta. that refer to toe 
pfxaiimilW),)    ___________„  
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APPENDIX. B 

MOHKHOUSE SPEEDLINB MILL 

A new Morehouse Speedline mill has bean acquired for the praclpltatlon 
of nltropolymara from solution. Tha precipitation of lartjar amounts of nttro- 
polymers can be oonduoted In a short time. 

Fi gure 

Morehou.Be Spaedline Mill 
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